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INTRODUCTION
The mule deer (Odocoileus hend onus hend onus (Rafinesque)) of the 
National Bison Range, Moiese, Montana, provide a rare example of a well 
harvested mule deer herd on which there are both accurate census and 
removal figures. As such, this herd can be compared with other herds 
and can provide a tentative goal for wildlife managers to aim for in 
the management of mule deer. The primary emphasis in this study was 
placed on population dynamics. Other data were gathered during the 
course of the study.
The National Bison Range is located about 45 miles north of 
Missoula in western Montana. The 18,540-acre area is administered by 
the United States Fish and Wildlife Service, Department of the Interior. 
It is a National Refuge created in 1909 for the preservation of a 
representative herd of American bison (Bison bison). Several species 
of wild game animals are maintained on the refuge: in addition to mule
deer and bison there are white-tailed deer (Odocoileus virginianus), elk 
(Cervus canadensis), bighorn sheep (Ovis canadensis), and pronghorn 
antelope (Antilocapra americana). Some large predators occur on the 
Bison Range —  golden eagles (Aquila chrysaetos), bobcats (Lynx rufus), 
and coyotes (Canis latrans) are common; and a bald eagle (Haliaeetus 
leucocephalus) or a black bear (Ursus americanus) is occasionally seen. 
Probably the most destructive predator is the domestic dog (Canis 
familiaris) of which individuals periodically form packs and chase, 
and occasionally kill. Bison Range animals.
The vegetation of the Bison Range has been described by Morris 
and Schwartz (1957:189) as follows:
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"The grassland consists largely of Palouse Prairie 
vegetation, with bluebunch wheatgrass (Agropyron spicatum) 
as the principal species. The forested portion...is 
predominantly Douglas-fir (Pseudotsuga menzlesii) on 
northern exposures and ponderosa pine (Plnus ponderosa) 
on the southern exposures. Swales and drainage courses 
contain snowberry (Symphoricarpos occidentalis) and 
hawthorn (Crataegus douglasii). Rocky outcrops and stony 
areas give rise to scattered stands of chokecherry (Prunus 
demlssa), servlceberry (Amelanchier alnifolia), and 
mockorange (Philadelphus~lefwlsii). Rocky Mountain maple 
(Acer glabrum) is commonly found as an understory species 
in the forest type. Ninebark (Physoearpus malvaceus)
is abundant at the margins of the Douglas-fir type."
Because mule deer prefer browse, this Palouse Prairie grassland 
apparently does not constitute what is usually considered to be good deer 
range. Since snow does not ordinarily accumulate to any great depth or 
remain on the ground for long periods in this area such acceptable 
forage as there is remains available to the deer throughout the year.
For the past decade the numbers of grazing and browsing animals 
on the Bison Range have been controlled by an annual reduction program.
This program attempts to maintain stable herds of all animals at a 
level which will not deteriorate the range —  at or slightly below the
carrying capacity of the range. Due to the control program, the condi­
tion of the range has been steadily improving during the past decade.
Before the program was initiated management consisted almost entirely 
of attempting to maintain the greatest number of animals possible. As 
an example, the mule deer population was estimated at about 1,000 head 
before the control program began. It is presently maintained at about 
200 head. The fact that the Bison Range ungulate populations are 
maintained, without supplemental feeding, at about the carrying capacity 
of this acreage of native vegetation, is what makes them so worthy of study.
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The objectives of the present investigation of the Bison Range 
mnle deer were:
1. To describe the population dynamics of this well harvested 
herd for comparison with other mule deer herds.
2. To obtain skeletal measurements for comparison with those of 
mule deer on other ranges with contrasting food regimes.
3. To determine their food habits for comparison with a similar 
study conducted prior to herd reduction, and for study in the light of 
the availability of potential forage.
4. To determine their physical condition for comparison with 
that of mule deer on other ranges with contrasting food regimes.
To achieve the above objectives it was necessary to collect a 
few deer at approximately monthly intervals, to make herd composition 
counts, and to determine the age-structure of that part of the popula­
tion which had been removed in the reduction program. Field data were 
collected from November 1962 to January 1964-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
PART I: PRODUCTIVITY
Introduction
Leopold (1933:22) defines productivity as ".«.the rate at which 
mature breeding stock produces other mature stock, or mature removable 
crop." Therefore, if the population is stable, "...productivity is 
synonymous with annual yield" (Leopold 1933:171). Today, these defi­
nitions are taken to mean net productivity. Game managers are interested 
in at least 2 types of productivity — ■ potential and net. In addition, 
they are usually concerned with the crop of young at the time of removal - 
usually during the fall hunting season.
"Potential productivity is usually regarded as the theoretical 
rate at which a species can increase when no mortality occurs..." 
(Robinette 1956:42?). In deer, potential productivity is usually deter­
mined by corpora lutea or fetal counts. Many factors —  breeding age, 
fecundity, age composition of the herd, sex ratio in the breeding herd 
and young, longevity, and nutrition —  are important in determining the 
potential rate of increase of any animal population.
Leopold's definition of (net) productivity has been refined by 
Robinette (1956:427) who states that
"...net productivity is the actual rate of increase after 
losses from all causes except legal hunting have been deducted.
The rates of productivity are usually based on an elapsed 
period of one year’s time and are expressed as percentages 
of the breeding herd."
In addition to the factors affecting potential productivity, net produc­
tivity is influenced by predation, accidents, diseases, starvation, 
stillbirths, and any other non-hunting losses.
In this study, corpora lutes counts have been used to determine 
the fecundity and the potential productivity of the herd. Fetal counts
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are used to show the reduction from potential productivity and to estimate
the fawn crop at the time of birth. Fawn:doe counts, made during the
summer, are used to estimate loss of fawns shortly after birth and to 
indicate the number of fawns tnat will enter the fall period. The 
yearling: adult ratios are taken as a measure of net proauctivity.
Corpora Lutea Counts
Methods. The method used in this study is similar to that described
by Cheatum (1949%)» Both ovaries were removed and preserved in 10 percent
formalin. The ovary was sectioned with a razor blade at approximately 
1 millimeter intervals and the number of corpora lutea of pregnancy 
were counted macroscopically and recorded for each ovary.
All of these counts were made on pregnant does in which the corpora 
lutea were relatively large and easy to distinguish from other pigmented 
areas in the ovaries. Therefore, it is believed that the counts are as 
accurate as possible.
Results. The results of the corpora lutea counts are shown in 
Table 29 and summarized in Table 1. The data from the present study and 
an earlier study on the Bison Range have been combined to increase the 
size of the sample. The potential productivity of the Bison Range mule 
deer herd is about 167 fetuses:100 pregnant does. This calculation is 
based upon the assumption that 92,5 percent of the ova will be implanted 
(Robinette et al. 1955).
The ovulation rate has not changed significantly since 1953-54 
when Sears (1955) collected deer on the Bison Range but there is some 
indication that a slight increase may have occurred. The combined results
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 1. Corpora lutea counts for the Bison Range mule deer, 
1954 and 1963-
Number Number of corpora lutea Corpora lutea
Source of does Right Left Total per pregnant doe
Present study 
Sears (1955) 6 0
16
68
14
45
30
113
1.88
1.79
Total 79 84 59 143 1.81
' Includes 3 yearling does» ~
2/ Includes 15 yearling does.
of these 2 studies show the variation in ovulation rate associated with
maternal age (Table 2).
Figc 1 shows that ovulation rate steadily increases up to the 4-5 
year class and decreases gradually after that age» The 4-5-year-old does 
are the most productive individuals in the herd and the 1-2-year-olds, 
with 1.44 corpora lutea per doe, are the least productive individuals.
Table 2 . Variation in ovulation rate of the Bison Range mule 
deer due to maternal age.
Age of does 1-2 2-3 3-4 4-5 5-7 7-10 Total
Number of does 
Number of corpora 
Corpora lutea per
lutea
doe
18
26
1 ,44
23
41
1.77
13
25
1.92
9
20
2.22
8
14
1.75
8
17
2.12
79
143
1.81
The corpora lutea, counts can be corrected for differential sampling 
of different age classes of does (Table 3) ■ The expected number of corpora 
lutea is 176:100 pregnant does or a potential fetus crop, allowing for 
a 7.5 percent fertilization and implantation failure (Robinette et al»
1955), of 163 fetuses:100 pregnant does. Using a pregnancy rate of 90 
percent (see next section), the calculated fetus crop should be 150 fetuses: 
100 does.
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2.252.25
2.002.00
1.751.75
1.501.50
1.251.25
7-101-2 2-3 3-4 4-5 5-7
0>oTJ
§5o.
0
ëQ.
O
Age of doe
Fig. 1. Variation by age class of doe in the ovulation rate of 
the Bison Range mule deer.
I found relatively large Graafian follicles in at least 1 ovary 
of all 5 of the adult female deer collected after March 22, I963. These 
follicles apparently increased in size from that date until May 18 when 
the last female was collected (Table 4).
deer.
Table 3. Corrected corpora lutea count for the Bison Range mule
Yearling
does
Adult
does
All
does
Expected number of does in herdi/ 333 667 1,000
Number of corpora lutea per doe 1 .44 1.92
Total number of corpora lutea 480 1,280 1,760
Corrected corpora lutea per doe 1.76
ratios. The calculated ratio was 50 yearling does:100 adult does.
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Table 4. Measurements taken on Graafian follicles found in the 
ovaries of pregnant does, March 22 to May 18, 1963.
Doe
number
Age
of
doe
Date
collected
1963
Days 
until , 
birthi/ Ovary
Diameter of 
Greatest
follicle
Smallest Avg.
mm mm mm
2778 4-5 Mar. 22 85 Right 7.0 5.0 6.0
2781 9-10 Apr. 23 53 Right 8.0 4.5 6.2
2781 9-10 Apr. 23 53 Left 5 .0 5 .0 5 .0
2784 2-3 May 14 32 Left 8.5 6.5 7.5
2785 4-5 May 16 16 Right 8 .5 7.5 8.0
2786 2-3 May 18 20 Right 10.5 8.5 9 .5
Gestation period is assumed to be 200 days and fetal age (see 
Table 36) was subtracted from 200 to give the days until birth.
Discussion. The original corpora lutea method, as described by 
Cheatum (1949a), was widely used for several years to determine ovulation 
rates of does killed in the fall. More recent work has shown that such 
counts are not entirely reliable. Sears (1955), working on mule deer 
frcan the Bison Range, found an average of 1.9 pigmented spots per doe 
that were not associated with corpora lutea of pregnancy. Some of these 
could be mistaken for corpora lutea and included in counts on non-pregnant 
does. Golley (1957) found an 18 percent increase in corpora lutea counts 
in the fall when compared to the same counts during pregnancy (1.74 vs. 
1.47 corpora lutea per doe). Brown (I96I), using these and additional 
data, found about a 10 percent increase. Golley (1957) also reports that 
22 of 95 pairs (23 percent) of ovaries had from 4 to 8 pigmented spots. 
Since only 1 case of polyzygotic quadruplets has been reported for mule 
deer (Sears and Browman 1955), it is doubtful if any of these 22 does 
carried more than 3 fetuses.
The above errors are minimized if the counts are made when the doe
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-9-
is pregnant and the corpora lutea are therefore quite large. There 
should be few mistakes in determining the number of ova shed in does 
examined during pregnancy. Cheatum (1949^:288) states that "...the 
months of January through April have been chosen as the most profit­
able period of collection." Taber (pers. comm. 1964) found that current 
corpora lutea could be distinguished until about September.
The ovulation rate in many animals is dependent upon the nutri­
tional status and physical condition of the female which in turn is 
dependent upon range condition. Therefore, corpora lutea counts have 
been used to determine relative range conditions; i.e., other things 
being equal, the higher the corpora lutea count the better the range 
condition (Morton and Cheatum 1946, Cheatum and Severinghaus 1950,
Longhurst 1950, Severinghaus 1951, Gunvalson et al. 1952, Longhurst 
et al. 1952, Taber 1953, 1956, and 1957, Robinette et al. 1955, Julander 
et al. 1961, and others). From Table 5, which reviews some of the litera­
ture on mule deer corpora lutea counts, it can be seen that the Bison 
Range herd compares favorably with the other herds and is therefore on 
better than average range in terms of nutrition of the deer. The only 
rate exceeding that on the Bison Range is for the Sublette Unit in 
northern Utah (Julander at al. I96I). Jensen and Robinette (1955) state 
that this is the highest rate reported for mule deer.
In general, the results obtained in this study agree with previous 
work (Robinette et al. 1955, Taber and Dasmann 1958, and others) and 
indicate that the highest fecundity occurs in the 3-7 year classes. The 
lowest ovulation rates occur in the 1-2 age class. Productivity begins 
to decline gradually past the 7-8 year class (Robinette and Gashwiler 1950,
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Table 5- A review of some literature on corpora lutea counts in 
mule and black-tailed deer.
Yearlings Adults All does
Source
Sample
size
Corpora 
lutea 
per doe
Sample
size
Corpora 
lutea 
per doe
Sample
size
Corpora 
lutea 
per doe
National Bison Range 18 1 .44 61 1 .92 79 1.81
Taber 1953
Open brush 2 1.00 9 1.89 11 1.73
18-month burn 3 0.67 8 1.75 11 1.45
Mature brush — — — — 4 1.00 4 1.00
Robinette et al. 1955 151 1 .30 324 2.02 482 1.79
Bischoff 1958 31 0.61 316 1.75 347 1.65
McConnell and Dalke I96O 39 1.36 205 1.83 244 1.76
Brown 1961 47 0.87 139 1.72 186 1 .5 1
Julander et al. I96I
Sublette — — — — — — 41 1.95
Antimony 114 1.31
Robinette et al. 1955, Severinghaus and Cheatum 1956, Taber and Dasmann 
1958, Brown 1961, and others). It is very doubtful if any wild does ever 
live past reproductive age since very few wild deer live past 15 years 
(Severinghaus and Cheatum 1956). Palmer (1951) reports a 15-year-old 
doe giving birth to triplets. Ross (1934) reports a mule deer doe giving 
birth to twins when 20 years old. The Bison Range also has records of a 
white-tailed deer that gave birth at l6 years of age and was apparently 
prevented from breeding the next 2 years by confinement during the rut.
The drop in the ovulation rate in the 5-7 year class in the Bison 
Range sample is probably due to the small sample size. Likewise, the 
values for the 4-5 year class and the 7-10 year class may show some error 
due to the small samples.
The finding of what appear to be Graafian follicles in the later 
stages of development in pregnant does in the spring was unexpected. To
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my knowledge, this has not been reported for deer. Cheattan (1949a:285) 
states that "During gestation ovulation is suppressed," He does not, 
however, say that follicle development is suppressed. Morrison (I960: 
306), after studying the ovarian characteristics in elk, states that 
"As gestation proceeded, there was a decrease in average follicle size." 
Here, there is the implication that follicles are present but reduced 
in size. Sears (1955), after studying a large number of pregnant mule 
deer, makes no textual mention of spring follicles. However, his data 
show some large follicles in the spring and he believes that follicle 
size is not a reliable index to ovarian activity in mule deer (Sears, 
pers. comm. I964). Cheatum (pers. comm. I964) also recalls some large 
follicles in pregnant white-tailed deer, Taber (pers. comm. I964), 
working in California, noticed an apparent revival of rut behavior as 
the time for birth approached,
Halazon and Buechner (1956) present evidence to show that elk 
exhibit postconceptual ovulation, but this occurs about 1 month after 
conception and not shortly before or after parturition. Morrison (I96O) 
also indicates that postconceptual ovulation is quite common in elk.
Postpartum ovulation has been reported for several mammals (mice, 
rabbits, horses, and probably humans) and is possible in deer. Proof 
of postpartum ovulation in deer would have to be secured through histo­
logical examination of ovaries taken shortly after parturition. These 
does could be obtained by direct collections in late June, in penned 
experiments, or from road kills picked up in June or early July.
If postpartum ovulation does occur in deer, it would be extremely 
interesting to bring a buck into breeding condition in mid-June by
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manipulating day-length or hormone level and attempt to mate him with does 
shortly after parturition.
Fetal Counts
Methods. In the early stages of pregnancy the entire female 
reproductive tract was preserved in 10 percent formalin. In later stages, 
when the fetuses were larger, only the ovaries and the fetuses were saved. 
The number of fetuses in each horn of the uterus was recorded at the time 
of autopsy (see page 124). Counts were made only if the embryos were 
large enough to eliminate the possibility of overlooking an embryo. This 
eliminated only 2 specimens —  119BR and 121BR —  included in the corpora 
lutea counts.
The sex of a fetus can be easily determined in fetuses at least 
70 mm in length (Hudson 1959). Therefore, in this study, only those 
fetuses which were at least 70 mm in length were used in determining the 
secondary sex ratio.
Results. The results of the fetal recoveries are summarized in 
Table 6. A detailed breakdown is shown in Tables 29 and 30. In order 
to increase sample size, the results of 2 previous studies on the Bison 
Range have been included in the following summaries.
The average number of fetuses per doe is 1.50 or 150 fetuses:100 
does of breeding age. This is below the l67 fetuses:100 pregnant does 
because about 90 percent of all does were pregnant. While all of the 
does collected in the present study were pregnant, only 88 percent were 
pregnant in the 2 earlier studies. The fetal rate has apparently 
increased somewhat since the earlier studies.
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Table 6, Fetal recoveries from the Bison Range mule deer.
Number of does
Number of does 
by litter 
size
Total
number
of
Fetal rate
Source Total Pregnant 0 1 2  3 4
per
per pregnant 
fetuses doe doe
Present study 
1957 Bison Range
14 14 0 3 11 0 0 25 1,79 1,79
reduction 7 7 0 2 5 0 0 12 1.71 1,71
Hudson (1956) 60 50 10 18 29 3 0 85 1.42 1.70
Sears (1955) 70 64 6 27 35 1 1 104 1.49 1.62
Total and average 151 135 16 50 80 4 1 226 1.50 1.67
The fetal :rate shows an 8 percent decrease from the corpora lutea
rate. This loss is almost identical to the 7.5 percent loss reported by 
Robinette et al, (1955) during the first month of pregnancy. This loss 
could be due to any^ or probably all, of the following 3 factors;
(a) failure of the ova to be fertilized, (b) failure of the blastula to 
implant in the uterus, or (c) resorption or abortion of the fetus. From 
the data collected, it is impossible to determine the relative importance 
of each of these factors.
Variations in fetal rates by age class of the does are shown in 
Table ? and Fig. 2. The data upon which these calculations are based 
were collected in the present study and by Sears (1955). The number of 
fetuses per doe increases up to the 4-5 age class and then declines in 
older does. This same trend was noted in the ovulation rate and is shown 
in Fig. 3 and Table 8 as the percent of does bearing multiple fawns. The 
average for all does is 57 percent carrying twins (in this study one- 
third of all does are yearlings).
As in the preceding section, a correction can be made for
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Table 7. Variation by maternal age in the fetal rate of the Bison 
Range mule deer.
Age of does 1-2 2-3 3-4 4-5 5-7 7-10 Total
Number of does 19 25 16 10 8 7 85
Singles 12 9 5 1 3 2 32
Twins 7 16 10 8 5 5 51
Triplets 0 0 0 1 0 0 1
Quadruplets 0 0 1 0 0 0 1
Total fetuses 26 41 29 20 13 12 141
Fetuses per 
pregnant doe 1.37 1.64 1.81 2.00 1.62 1.71 1.66
age-differential sampling of does. This is done in Table 9 and yields 
corrected values of 162 fetuses:100 pregnant does and 146 fetuses:100 does, 
The sex ratio of fetuses over 70 mm was 58 males:59 females or 
99:100 in utero (see Table 10).
2.002.00
1.751.75
- 1.501.50
1.251.25
1-2 2-3 3-4 4-5 7-105-7
oTJ
P ,
(09)
0
Age of doe
Fig. 2. Variation by maternal age in the fetal rate of the Bison 
Range mule deer.
Discussion. The fetal rate of deer is affected by the same factors 
operating to determine ovulation rate. In addition, loss of ova either by 
fertilization or implantation failure, or early embryo loss also affects 
fetal rates.
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Fig. 3» Variation by maternal age in the frequency of multiple 
fetuses for the Bison Range mule deer.
Since the does collected during this study were in various stages 
of pregnancy, it is impossible to determine directly either the number of 
fetuses that were implanted or the number of fawns that would have been 
born. Therefore, intrauterine mortality cannot be accurately estimated. 
Evidence was found, however, indicating that 2 embryos were being resorbed, 
One was in an advanced stage of degeneration and was definitely being 
resorbed. The other was somewhat smaller than its twin and may have been
Table 8. Variation by maternal age in the frequency of multiple 
fetuses for the Bison Range mule deer.
Age of doe 1-2 2-3 3—4 4—5 5-7 7-10 Total
Number of does 19 25 16 10 8 7 85Number with single 
fetuses 12 9 5 1 3 2 32Percent with single 
fetuses 63.2 36.0 31.2 10.0 37.5 28.6 37.6Number with multiple 
fetuses 7 16 11 9 5 5 53
Percent with multiple 
fetuses 36.8 64.0 68.8 90.0 62.5 71.4 62.4
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Table 9» Corrected fetal rate for the Bison Range mule deer.
Yearling
does
Adult
does
All
does
Expected number of does in herd-/ 333 667 1,000
Number of fetuses per pregnant doe 1.37 1.74
Total number of fetuses
Corrected number of fetuses per pregnant doe 
Corrected number of fetuses per doe^
456 1,160 l,6l6
1.62
1.46
ratios,
'U  These figures are taken from the section on Yearling:Adult 
&/ Using a pregnancy rate of 90 percent for all does.
in the process of resorption. In 1 other case the doe carried 1 normal 
fetus and the other uterine horn showed signs of having lost an embryo, 
but the evidence in this case is not concrete. In all 3 cases the doe 
carried 1 normal fetus and the loss was, therefore, 1 member of a set of 
twins. This finding is in agreement with Robinette et al. (1955) who 
report a much heavier loss of twin than of single fetuses (3.2 percent 
vs. 0.7 percent). Hudson (1956) found evidence of resorption in 3 cases, 
There is, therefore, some intrauterine loss in Bison Range mule deer but 
it is only about 1.77 percent (4 of 226) of the implanted embryos.
Robinette and Gashwiler (1950) found less than 1 percent (3 of 
318) of the embryos being resorbed. Robinette et al. (1955) report a
Source
Table 10. Sex of fetuses recovered from the Bison Range mule deer.
Male fetuses Female fetuses Total fetuses
Present study 
Hudson (1959)
Total
Percent
10
48
58
49.6%
11
48
59
50.4%
21
96
117100%
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3.25 percent loss from implantation to the mid-point of pregnancy based 
on corpora lutea and fetal counts and a 1,66 percent loss based upon 
observations of atrophic fetuses (21 of 1263). Taber (1953a) reports 4 
atrophic fetuses in a sample of 251 for 1.55 percent actual loss. Brown 
(1961) reports a 6 .9 percent prenatal mortality that includes both 
implantation failure (2.6 percent) and fetal loss.
Table 11 reviews some of the literature on fetal rates for mule 
deer. The fetal rate on the Bison Range is almost identical to those 
reported by Inlander and Robinette (1950), Robinette and Gashwiler (1950), 
and Robinette et al. (1955) for Utah mule deer and by White (1958) for 
mule deer from the Rattlesnake drainage near Missoula, Montana. The 
Bison Range rate is nearly the same as that reported by Taber (1953) for 
the best range (open brush) in his study. Julander et al, (I96I) report 
a rate for the Sublette unit that exceeds the Bison Range estimate for 
both yearlings and adults. This is the highest mule deer fetal rate 
known to me.
In the section on corpora lutea counts I calculated that the 
fetus crop would be about I63 fetuses:100 pregnant does. This is almost 
identical to the 162:100 ratio derived above and indicates that the loss 
of ova in this study is similar to the 7.5 percent reported by Robinette 
et al. (1955). Since the difference between corpora lutea and fetal rates 
is about 8 percent it appears that resorption and abortion should be very 
low. Observations of atrophic fetuses indicated a loss of less than 2 
percent of the implanted fetuses. This would give an actual fertilization 
and implantation loss of about 6 percent for this study as compared to the 
7 .5 percent reported in Utah (Robinette et al, 1955).
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Yearling does Adult does All does
Fetuses Fetuses Fetuses
Source Fetuses Does 100 does Fetuses Does 100 does Fetuses Does 100 does
Bison Range
26 66
iéli/
Actual 19 137 115 174 141 85
Corrected
Corrected
m i /Chattin 1948 — — — — — 84 49 171 84 49
Julander and
Robinette 1950 — — — — — — — — — — 110 78 141
Robinette and
15Gashwiler 1950 44 32 138 294 179 164 389 246
44 55 78 294 196 150 389 288 135
Taber 1953
Open brush 2 2 100 18 11 164 20 13 154
IJildfire burn 2 3 66 14 10 140 16 13 123
Chaparral — — 11 12 92 11 12
167^Robinette et al. 1955 207 157 132 737 407 181 977 584
207 186 111 737 435 169 977 642 152
Bischoff 1958 15 31 48 459 288 159 — — — —
White 1958 4 5 80 12 6 200 16 11 145
Brown I96I 10 22 45 110 88 125 120 110 109
Julander et al. I96I
(Includes data from
Jensen and Robinette
1955)
Antimony 5 8 62 27 19 142 32 27 119Sublette 14 9 156 47 24 196 61 33 185
Rate per pregnant doe.
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We can also speculate about the fawn crop by allowing for some 
additional fetal losses. Since Robinette et al, (1957) found little 
loss in the last half of pregnancy the fawn drop should be nearly the 
same as the fetal rate at the mid-point of pregnancy —  about 145 fawns 
born:100 does. Some fawn mortality at or shortly after parturition can 
be expected, and the fawn crop 2 months after parturition would, 
therefore, probably not exceed 140:100.
The sex ratio of the fetuses from the Bison Range is 99 males:
100 females. Other studies have shown a preponderance of males. Taber 
(1953a) gives a ratio of 123:100 and states that a secondary sex ratio 
of 120 males:100 females is an accurate value to assume. Lassen et al. 
(1952) report a ratio of 107:100, Bischoff (1958) reports a 135:100 
ratio, and Brown (I96I) reports a ratio of 120:100, However, Robinette 
et al. (1957) report that nutritional status (physical condition), 
maternal age, litter size, and probably other unknown factors influence 
the secondary sex ratio. McDowell (1959 and I96O) also found that fetal 
sex ratio is affected by maternal age in white-tailed deer.
Robinette et al. (1957) found fetal sex ratios of 122 malestlOO 
fanales for does having their first young and 106:100 for other does. 
This phenomenon has been reported in other mammals (see Robinette et al. 
1957 for a review of these data). The reasons for this are not known 
but the phenomenon has some importance to game managers. In a heavily 
harvested herd there are more young animals which in turn gives a higher 
percentage of females having young for the first time; therefore, one 
would expect to find a higher proportion of male fetuses than in a less 
heavily harvested herd. This would contribute to a higher kill of bucks
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in a heavily harvested herd as opposed to a lightly harvested one.
As we would expect, the fetal rate shows the same variation with 
maternal age as was seen in the corpora lutea counts. The samples in the 
4-5> 5-7, and 7-10 year classes are small and the actual figures should 
be considered only as indicators and not as absolute values. Once again,
the general trend in productivity by age class agrees with that found in
other studies and discussed under corpora lutea counts.
Fawn:Doe Counts
Methods. The fawn:doe counts were made periodically from July 3 
to September 4, 19&3. Most of the counting was done from mid-afternoon 
(3 to 4 PM) until dark (8 to 9 PM). A different position, overlooking as 
much area as possible, was chosen for each observation period except on 
September 4 when several areas were observed throughout the entire day. 
After taking up a position I did not move until it became too dark to
make accurate classifications of all deer seen.
During an observation period the area was continuously scanned with 
the unaided eye, and at frequent intervals a detailed coverage was made 
with the aid of 7 X 50 binoculars. When a deer or group of deer was 
located by either of the above techniques a classification was made.
Each deer was assigned to 1 of 5 classes (Dasmann and Taber 1956) —  
fawns, yearling females, yearling males, adult females, and adult males.
If the deer could be definitely classified with the aid of the binoculars 
this was done; but if there was any doubt a spotting scope with either a 
20X or 60X objective was used to confirm the classification.
If any animal in a group (or singly) could not be classified
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definitely the entire group (or that animal) was disregarded. This was 
done to increase the accuracy of the sample.
An attempt was made to avoid counting the same animal twice on 
different days. Choosing different areas for each classification period 
reduced the chances of duplication. In addition, detailed notes on 
each group of deer were kept and any distinctive features of any member 
were noted. From these notes it was hoped that a group could be iden­
tified if seen again and excluded from the count. This proved necessary 
on only 2 occasions.
In this section we shall be concerned with the results in the doe 
and fawn classes. The other results will be discussed under Population 
Dynamics.
Results. A total of 17 does and 20 fawns were seen (Table 31). 
Thirteen of the does were seen with fawns. Of the remaining k , 1 was 
surprised at close range and disappeared after giving an alarm call —  she 
probably had a fawn(s) in the area; 1 had a visible udder but disappeared 
over the crest of the hill before going to her fawn(s); 1 apparently had 
a fawn(s) in the vicinity (based upon her actions and thin appearance); 
and the other 1 apparently had no fawn since her udder was not visible 
and she appeared to be quite fat. If we exclude the 3 does apparently 
with fawns that I did not see, the fawn:doe ratio on the Bison Range, 
when the fawns are between 1 and 4 months old, is 143 fawns:100 does 
(20:14).
Seven (54 percent) of the 13 does with fawns had twins and the 
remaining 6 (46 percent) had single fawns at their side. These percent­
ages compare favorably with the weighted values of 57 percent and 43
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percent, respectively, obtained in the fetal counts.
Sears (1955) obtained a ratio of 153 fawns :100 does on the Bison 
Range in 1954, based on a count of 97 fawns and 63 does (Sears, pers. 
canm. I964). This count seems too high since his fetal recoveries gave 
a ratio (149 fetuses:100 does) below this count.
The fawn;doe ratio (143:100) is only 2 percent below the corrected 
fetustdoe ratio (146:100). If we disregard the 1 doe without a fawn, the 
ratio becomes 154 fawns:100 "pregnant" does (20:13). This represents a 
5 percent decrease from the corrected l62 fetuses:100 pregnant does.
From these observations it appears that early fawn loss on the Bison Range 
is insignificant, having little if any effect upon population dynamics.
Discussion. Although small, the sample represents a large percent­
age of the entire herd. If the herd at the time of counting numbered 200 
deer —  the best estimate available —  the classified sample of 91 deer 
is slightly under one-half (45.5 percent) of the total. Since any 
doubtful classifications were excluded from the sample, I feel that 
the composition it indicates is quite accurate. Leopold et al. (1951) 
state that a sample of 50 deer, if classification is made with consid­
erable care, is adequate to indicate accurately the composition of a 
deer herd and will not vary by over 5 percent from the results of a 
much larger sample.
Little difficulty was experienced in classifying the deer, 
especially if they were in groups. Bucks are easily classified and, 
in the summer, fawns are unmistakable. The only difficulty was in 
separating yearling and adult females, and this was a problem only when 
the deer was alone. Since mule deer tend to be in family groups.
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especially the females, lone females were seldom seen.
The classification counts were made when the fawns were from 1 
to 3 months old. We would, therefore, expect the ratio to be somewhat 
lower than the number of fawns born per 100 does due to some losses at 
or immediately following parturition. On this basis we would expect 
the ratio at birth to be about 145-150 fawns;100 does. This figure 
compares favorably with the expected 146:100 ratio based upon the 
corrected fetal counts and again indicates negligible postnatal fawn 
losses (or equal losses of fawns and does).
A considerable volume of literature is available on fawn:doe 
ratios. Most of these data are either taken in the fall or yearling 
does are not separated from adult does and are not c<xnparable with the 
data from this study. Robinette and Olsen (1944) report a ratio of 
140 fawns:100 does (2032:1452) in Utah. Taber (1953) calculated 
ratios of 146:100 for shrubland, 116:100 for wildfire burn, and less 
than 87:100 for chaparral. Since fetal production is influenced by 
range condition, we would expect fawn;doe ratios to vary accordingly, 
Taber and Dasmann (1957) present July herd composition counts that give 
fawn:doe ratios of 125:100 for shrubland, 83:100 for wildfire burn, 
and 50:100 for chaparral. Many other authors have shown this correla­
tion, especially for white-tailed deer (see Severinghaus and Cheatum 
1956).
The fawn:doe ratio of 143:100 in this study indicates a very 
productive herd, especially when we realize that the yearling percentage 
is higher than for most populations.
We would expect a slightly higher loss of twins than of singles
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due to less milk being available per fawn. The close similarity between 
the percentages of twins in the fetal and fawn samples (57 percent vs.
54 percent) indicates that the mortality rate for twins is not much 
higher than that for singles. But the over-all mortality rate for fawns 
is so low in my sample that any difference in rate by litter size could 
probably not be detected.
No direct information is available on sex-differential mortality 
in the Bison Range fawns. From the literature, however, it seems likely 
that the loss of males would be slightly higher than the loss of females 
(Taber and Dasmann 1954, Robinette et al, 1957, Brown 19^1, and others). 
Indirect information indicates that male fawns suffer heavier mortality 
than do female fawns on the Bison Range (see Table 18),
Yearling:Adult Ratio
Methods, The method used in making herd composition counts was 
described in the preceding section. In addition, the yearling:adult 
ratios were calculated from the removal data. These data are discussed 
in more detail under age composition in Part II,
Resultso The results of the herd composition counts, as shown in 
Table 31, yield l6 adult males, 18 yearling males, 17 adult does, and 
20 yearling does. These counts were made after the removal of several 
adult does in the spring, and if we calculate backwards, as indicated in 
Table 31, we arrive at a winter population composed of l6 adult males,
19 yearling males, 23 adult females, and 21 yearling females. The 
expected yearling: adult ratio in the spring would be 103 yearlings:
100 adults (40:39).
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The fall removal exerts an age-differential pressure since fawns 
(which in the composition counts the following summer are yearlings) are 
not taken. If we compensate for the differential removal the composition 
becomes 33 adult males, 20 yearling males, 40 adult females, and 22 
yearling females (Table 31). The summer yearling:adult ratio is, therefore, 
about 58 yearlings :100 adults (4 2:73) and the annual turn-over rate is 
58 percent. About 37 percent of a herd with a 58 percent turn-over rate 
could be removed annually.
The age distribution in the fall removal can be used to determine 
the spring yearling:adult ratio if we assume that there is no differential 
mortality between spring and fall and that the age-distribution in the 
kill accurately represents the age-distribution in the population.
(These 2 assumptions will be discussed in detail later and are presently 
accepted as true.) The age-distribution in the kill on the Bison Range 
from 1952 to 1963 is shown in Table 32. These data give a ratio of 41 
yearlings:100 adults (291:709). Yearling females are definitely under­
represented in the removal since fawns are not removed and yearling does 
are difficult to distinguish from fawns under the conditions that prevail 
during the reduction (see Part II). For this reason, the ratio based 
upon kill figures has been set at about 50 yearlings ; 100 adUlts. Therefore, 
the annual turn-over rate becomes 50 percent and a harvest of 33 percent 
can be sustained.
The yearling:adult ratio can be broken down by sex and should be 
since males are harvested more heavily than females. The herd composi­
tion counts yield the following ratios: for males, 6l yearlings:100
adults (20:33)» aud for females, 55:100 (22:40). The comparable ratios.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
—26“
calculated from removal data, are 54:100 for males (195:360) and 28:100 
for females (96:349)•
The sex ratio of classified yearlings was 90 males:100 females 
(18:20).
Discussion. The similarity between the 2 yearling:adult ratios,
1 based upon herd composition counts and the other upon age-distribution 
in the kill, can be interpreted to mean that the final ratios are 
reasonably accurate. As discussed earlier, the composition counts are 
probably quite accurate due to care in procedure and the ultimate 
classification of nearly half of the herd. The accuracy of the age- 
distribution in the kill will be discussed in Part II. If we average 
the 2 ratios we arrive at a figure of approximately 55 yearlings:100 
adults for a turn-over rate of 55 percent and a sustained yield of
35 percent.
If the sexes are separated and the 2 ratios averaged we arrive 
at a ratio of about 58 yearlings:100 adults for males and about 50:100 
for females. The ratios for females were not averaged due to the 
misrepresentation of yearling does in the kill. The similarity in the
2 ratios for males (61:100 vs. 54:100) and the wide difference for females 
(55:100 vs. 28:100) are a good indication of the under-representation of 
yearling does in the kill.
Edwards (1942) presents data that give a ratio of 32 yearlings:
100 adults. The data of Robinette and Olsen (1944) give the same ratio. 
Taber and Dasmann (1957) give data that yield ratios of 38:100 for 
shrubland, 34:100 for wildfire burn, and 26:100 for chaparral. For 
males their ratios are 51:100, 40:100, and 37:100, respectively, and
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for females 33=100^ 30:100) and 21:100, The ratios calculated in this 
study are higher than any of the above and indicate a more rapid turn­
over rate for the Bison Range population. This in turn indicates a more 
heavily harvested herd on the Bison Range since most of the losses on 
the Range are the result of the annual harvest, The ratio for males 
given by Taber and Dasmann (195?) for shrubland (51:100) approaches 
that for the Bison Range males (58:100), This indicates a well harvested 
male population for the shrubland, and indeed this is the case.
The turn-over rate calculated for the Bison Range mule deer 
population is 55 percent and the sustained removal is 35 percent. Using 
the method described by Leopold (1933), 1 calculated that a population 
could sustain a 32 percent kill if we assume (a) an equal sex ratio,
(b) no female fawns breed, (c) yearling females give birth to an average 
of 1 young each, (d) mature does average 1,75 fawns each, and (e) no 
does live past reproductive age. Allowing for the slightly unbalanced 
sex ratio (82 males:100 females for adults) on the Bison Range, it 
appears that this herd is being cropped as heavily as advisable, and 
the annual censuses strengthen this belief.
The sex ratio for yearlings (90:100) indicates that more males 
than females are lost from birth to about 15 months of age, Taber and 
Dasmann (1954) and Robinette et al. (1957) both report a higher mortality 
rate for young males.
Summary
Three types of productivity are considered —  potential, fall, 
and net. Potential productivity is the maximum rate at which a population
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can increase with no mortality. Fall productivity is the rate of increase 
figured at the time of the fall hunting season. Net productivity is the 
rate of increase figured at the time the young reach reproductive age — ■ 
for mule deer at 1—2 years. Net productivity is synonymous with annual 
yield or turn-over rate for stable populations.
Age, among other things, affects the productivity of females. 
Productivity increases rapidly between 2 and 3 years of age, more slowly 
between 3 and 4, remains fairly constant between 4 and 7-8, and then 
gradually decreases past 8 years. In this study the 4-5 age class 
exhibited the highest productivity and the 1-2 class the lowest.
Corpora lutea counts yielded a ratio of 144:100 for yearling does 
and 192:100 for mature does. The weighted ratio for all does was 176 
corpora lutea.: 100 does. These ratios compare favorably with ratios 
reported for other herds and indicate that the Bison Range mule deer 
are producing at close to the maximum rate. The rate for yearlings is 
particularly high. Large Graafian follicles were found in several 
ovaries from does collected during the last half of pregnancy.
Fetal recoveries gave ratios of 137 fetuses:100 yearling does 
and 174:100 mature does. The weighted value was 162:100 pregnant does 
and, allowing for the 90 percent pregnancy rate, 146:100 does in the 
herd. Twins were found in 37 percent of the yearlings, 67 percent of 
mature does, and 57 percent of all does. The secondary sex ratio was 
99 males:100 females.
Herd composition counts yielded a ratio of 143 fawns:100 does 
with 54 percent of the does having twin fawns. Yearling:adult ratios 
were 55:100 for all deer, 58:100 for males, and 50:100 for females.
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This gives a t-urn-over rate (net productivity) of 55 percent and a 
sustained yield of 35 percent» The turn-over rate indicates that the 
Bison Range herd is being harvested at close to the maximum rate. The 
sex ratio of adults was 82 males:100 females.
Although the potential productivity of the Bison Range mule deer 
is not exceptionally high^ the fall productivity is very high due mainly 
to a very small loss of fawns from birth to about 4 or 5 months of age. 
This productivity is especially high when we consider that one-third 
of all productive does are in the 1-2 age class. The low fawn loss is 
undoubtedly the result of good food conditions shortly before and after 
parturition and this in turn is the result of the annual reduction 
program which probably removes over 40 percent of the adult population 
yearly (see next section).
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PART II: POPULATION DYNAMICS
Introduction
The dynamics of a deer population are important to game managers 
because they reflect the combined effects of recruitment and losses to 
the population. In a stable population recruitment and losses must vary 
directly with each other —  if loss is low, recruitment is low.
On the Bison Range recruitment is entirely dependent upon the 
reproductive efforts of the resident mule deer herd since there is no 
movement into the Range. Losses are likewise limited primarily to 
mortality which, in turn, is predominantly the result of direct removal 
by Range personnel. About three-fourths of the total mortality can be 
assigned to this removal. The major difference between the Bison Range 
removal program and sport hunting is that Range personnel do not remove 
fawns. Hunters also tend to select against fawns if they have a choice 
(Taber and Rognrud 1959) but do, nevertheless, remove a significant 
number. The only major effect the Bison Range practice has on population 
dynamics is to increase the proportion of fawns in the winter herd and 
thereby reduce the proportion of reproductive does in the herd. This 
reduces the actual percentage increase in the herd resulting from births 
but does not effect the percentage removal because these fawns are 
available for removal at a later date. The difficulty in distinguishing 
fawns from yearling does undoubtedly results in a disproportionately 
small kill of yearling does. Yearling bucks may be slightly over­
represented in the kill due to their differential vulnerability; however, 
this over-representation is probably very small if it exists at all.
The age distribution in the kill reflects to some extent the age 
distribution in the entire population and is a reflection of past harvest
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intensity (Taber and Rognrud 1959, end Nellis and Taber I964). As such 
the distribution of ages in the kill provides a convenient indirect 
index of past harvest intensity. If harvest intensity can be determined, 
hunting pressure can be more effectively manipulated to achieve the 
optimum kill. Wild populations, however, are seldom subjected to opti­
mum harvest and even if they are it is often extremely difficult to 
assess the effects of such pressure on the population. The heavily 
cropped mule deer herd on the Bison Range provides a unique opportunity 
to perfect the age distribution index since this population is accurately 
censused annually and the annual reduction, on which records of numbers 
removed, sex, and approximate age are kept, is conducted entirely by 
Range personnel. Therefore, all losses due to hunting are known and 
their effects are indicated by the trend in population levels determined 
by the annual census.
The primary objective of this study, as stated earlier, is to 
describe the population dynamics of a well harvested mule deer herd for 
use as a guide in the management of other herds. More specifically, I 
hope that the age ratios derived from the age distribution in the kill 
can and will be used to replace more costly methods of assessing the 
effects of hunting upon a population. I also hope they will be used 
in deciding upon future management practices in an attempt to achieve 
optimum utilization of the wildlife resource. Once the optimum age 
ratios are established a population could be managed by determining 
ages of hunter-killed deer at checking stations and computing the ratios. 
If the computed ratios were above the optimum the harvest could be 
increased. With some modifications this method of determining management
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could be applied to any species in which 2 or more age classes can be 
distinguished.
Recruitment
Recruitment to the Bison Range mule deer population is limited to 
additions by birth. The entire area is enclosed in a "game-tight” fence 
and movement in or out of the area is nearly eliminated. Occasionally 
an animal succeeds in getting through the fence, but the Range is also 
isolated by surrounding private land which forms an effective barrier 
to deer movements.
In the previous section, productivity was discussed in some detail. 
The fetal rate was calculated at I46 fetusess100 does. There were 143 
fawns:100 does. The fall yearling (ij years old):adult ratio was 55î100 
for a net increase (annual increment) of 55 percent; this allows a 
sustained harvest of 35 percent of the fall herd.
The annual increase can also be calculated from the following 
ratios: 82 adult males;100 adult females, 55 yearlings :100 adults, and
143 fawns:100 does. A herd with an adult sex ratio of 82 males:100 
females can be expected to increase at a rate of 50-55 percent and yield 
a harvest of 33-35 percent of the fall herd each year.
Mortality
Mortality is restricted mainly to the removal of deer during the 
annual reduction program. Some other mortality does occur. As mentioned 
earlier, mortality at or shortly after birth exists but probably does not 
exceed 5 percent of the fawns. This loss is extremely difficult to 
determine directly since fawn carcasses deteriorate rapidly and are
idirect methods indicate, however, that early fawn
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loss is insignificant.
Other minor mortality factors include predation, accidents, old 
age, possibly malnutrition, and some unknown factors. During this study, 
1 mule deer fawn was known to have been killed by domestic dogs and 1 
white-tailed fawn was killed by bobcats. In addition, 4 fawns, 1 old 
doe, and 1 yearling buck were found dead during the annual censuses 
taken in February of 19&3 and 1964, constituting a known loss of 7 
mule deer in 2 years. The total loss due to these factors certainly 
exceeded the known loss but it is impossible to determine what proportion 
of the dead deer were found. The Bison Range is "open" country with 
little heavy vegetation and is covered rather thoroughly during the 
annual census as well as at other times by Range personnel. For this 
reason, I feel that a large number of the dead deer are actually found. 
The mortality from factors other than early fawn loss and removals 
probably does not exceed 10 percent of the herd per year.
As mentioned earlier, the Bison Range personnel conduct an annual 
reduction program to keep the numbers of animals within the carrying 
capacity of the range. This program was initiated in 1950 when 435 
deer were removed alive. Removal by shooting was initiated in 1952,
The removal data are shown in Tables 12 and 32. The annual removal 
has averaged about 25 percent of the fall herd (see Table 33) for a 
total of 1664 mule deer taken in 14 years. Since fawns are not removed 
and comprise about one-third of the total fall herd, the annual removal 
has been about one-half of the adult population.
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Age Ratios in Kill
Methods. All herd reduction is done by Range personnel and records 
are kept on each deer removed. These records give collection number, 
date, sex, age, live weight, hog-dressed weight, carcass weight, and 
specific location within the Bison Range. All deer are aged by Range 
personnel either at the time of collection or when being processed at 
the slaughter house.
The data on age distribution (Table 32) were taken from the records 
of the Bison Range reduction programs. During the I962 reduction, 38 mule 
deer jaws were saved for measuring and laboratory aging to check the 
accuracy of the field aging.
The age of each jaw was determined by several methods (see Table 
34). The jaw was first aged, to the nearest one-half year, by comparing 
it with a jaw-board prepared by the Zoology Department of Montana State 
University from white-tailed deer jaws aged by C. ¥. Severinghaus (1949)» 
Next the jaw was aged by replacement and wear as described by Robinette 
et al. (1957a). Following this, each jaw 2^ years old or older was 
measured as described by Robinette et al. (1957a) to determine the molar 
ratios. These ratios were then plotted (Fig. 25) and age was read to 
the nearest one-tenth year.
The mean birth date for fawns on the Bison Range is June 7-8 
(see below). By subtracting the birth date from the collection date, 
the month from birth and the fractional part of the year for the final 
age were determined.
The final step in aging was to assign each jaw a "final age" in 
years and months. Determination of the months is described above. In
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assigning the final year, heavy reliance was placed on the method of 
Robinette et al. (1957a)» If a discrepancy existed or there was some 
doubt as to which year-class was appropriate the jaw was reexamined and 
compared with other jaws and the final age decided upon. These 
comparisons were particularly helpful in the older jaws where age 
determination is less accurate and more difficult.
The data on age distribution have been corrected for inaccuracies 
in aging as determined from the data in Table 35» The only corrections 
made were in the 1-2, 2-3, and 3-4 year classes. There is a distinct 
tendency to underestimate the age of old does and some evidence from 
the small sample that the age of bucks is more accurately determined 
by the Bison Range personnel than is the age of does.
Age ratios, expressed as (old/young) X 100, are a convenient way 
of expressing age distribution. In this study young animals are defined 
as 1-2 and 2-3-year-old animals and old animals are 3-4 years old or 
older. Two age classes are included in the young class to help smooth 
out fluctuations due to 1 particular year's influence upon productivity. 
This method is a modification of that used by Taber and Rognrud (1959) 
and is identical to the method used by Nellis and Taber (I964). Pawns 
have been excluded primarily because they are not removed by Range 
personnel.
Results. The age distribution, as tabulated from the Bison 
Range files, is shown in Table 32. These data are summarized below 
(Table 12) and are corrected for aging inaccuracies as explained above.
The data in Table 35 show that 14»3 percent (2 of 14) of the yearlings, 
as aged by Range personnel, are actually 2| years old, 50 percent (6 of 12)
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Table 12. Uncorrected and corrected age distribution for the mule 
deer removed from the Bison Range, 1952 to 1963=
As aged by Bison Range personnel
Tear 1-2 2-3 3-4 4 plus
Male Female Male Female Male Female Male Female
1963^ 6 2 4 7 2 1 1 5
1962 17 16 5 5 10 7 6 10
1961 11 7 16 9 5 10 19 15
i960 8 2 5 6 5 9 13 12
1959 6 4 6 0 4 5 11 5
1958 23 10 2 5 3 5 12 7
1957 23 4 6 11 16 12 18 9
1956 1 8 1 3 9 6 6 1
1955 8 5 4 9 6 6 5 13
1954 27 11 17 23 11 17 9 11
1953 42 12 16 8 9 21 32 29
1952 23 15 23 13 19 19 24 15
Total 195 96 105 99 99 118 156 132
Corrected total 167 82 186 163 79 107 123 .93...
need correction.
of the Z^-year-olds were aged as 3i-year-olds, and 33 percent (2 of 6) 
of the 3&-year-olds were aged as 4i-6^-year-olds. Since young animals 
are over-aged and old animals are under-aged, there is a definite tendency 
to group the ages around the 3-4 and 4-5 year classes.
The age ratios for the Bison Range mule deer are shown in Table 
13. These ratios can also be thought of as X old:100 young and the 
values are the same as those given in Table 13. It must be remembered 
that yearling does are under-represented in the kill and the corrected 
ratio for females should be lower than 81.6. A value of 65-70 would 
probably be closer to the true ratio if this harvest differential were 
eliminated.
Discussion. It has been shown that age ratios can be used as an
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Table 1 3. Uncorrected and corrected sex-specific age ratios for 
the Bison Range mule deer.
Sex Uncorrected Corrected
Males 85.0 (2552300 57.2 (202:353)
Females 128.2 (250s195) 81.6 (200:245)
Total 102.0 (505:495) 67 .2 (402:598)
multiplied by 100 give the age ratio.
indirect index of past harvest intensity (Nellis and Taber I96 4). We 
must assume that the age distribution in the kill is a true reflection 
of the age distribution in the population. This is definitely not the 
case on the Bison Range where yearling females are under-represented due 
to the policy of not removing fawns and the difficulty of distinguishing 
yearling females from fawns rapidly enough to shoot the animal. The 
Range personnel do not shoot animals when they are moving and it is 
necessary to determine whether or not the animal is a fawn and then wait 
for it to stop before shooting. Therefore, when a group of deer are 
encountered the most easily identified animals are shot first. The 
easiest class to identify is bucks because they posses antlers. Does 
are usually segregated according to size and "length of face," and 
larger and older does are shot first, Usually not more than 2 or 3 deer 
are taken from a herd when it is encountered, and bucks and older does 
are most commonly taken and younger does are passed up.
If fawns were killed, the ratio for females would be more 
representative of the population. Data from checking stations should 
not be subject to this gross under-representation of yearling females. 
Biases in checking station data may result from differential vulnerability
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h j age class or from differential reporting by age class. Younger, less 
experienced deer are probably more vulnerable than older deer (Maguire 
and Severinghaus 1954, Taber and Dasmann 1958, and Taber and Rognrud 
1959)» Maguire and Severinghaus (1954) report that this difference in 
vulnerability rapidly disappeared after the first day of their 6-day 
season. There is evidence that hunters are more likely to stop at 
voluntary checking stations if they have a large deer than if they 
have a small deer (Taber, unpub1. data). They are also more likely to 
stop to report a buck than to report a doe. This bias can only be 
eliminated by having mandatory checking stations, Andersen (1953) has 
shown that a kill of 25 percent does not give an entirely accurate 
estimate of population structure; therefore, we cannot expect checking 
station data to be entirely representative.
In spite of these biases, the data gathered at checking stations 
could be used to determine age ratios and thereby past harvest intensity. 
It seems likely that any biases would be more or less constant from year 
to year and somewhat similar for different areas. When used in conjunc­
tion with trend counts, which most states take, the age ratio method 
should become a useful management technique.
The age ratios for females are much more important from the 
management standpoint than are the male age ratios (Nellis and Taber 
1964). This is so because deer are polygamous and 1 male can success­
fully breed several females. Nellis and Taber (I96 4) analyzed data for 
New York white-tailed deer that were controlled by hunting and the 
female age ratio was about 40-45 whereas the ratio for males was 10.
This reflects the practice of having a relatively long buck season
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followed by a short either-sex season. Since white-tailed fawns are 
capable of breeding at 6-8 months (Severinghaus and Cheatum 1956) it 
would not be necessary to have any antlered males in the herd following 
the rut and by the next breeding season the fawns would be about 1^ 
years old and quite capable of servicing the does. This also holds for 
mule deer since they too are capable of breeding as yearlings (Cowan 
1956, and Robinette 1956), If the hunting season follows the rut it 
would be possible to maintain a ratio of 0 for males. (Since old animals 
are 3& or older it would be possible to have 2^-year-olds in the herd 
and still have a ratio of 0,) If, however, the hunting season precedes 
or is concurrent with the rut it would probably be advisable to maintain 
the male age ratio at about 5-10.
As mentioned above, the optimum ratio for female mule deer is 
probably about 65-70 old animals;100 young animals. The optimum female 
age ratio is influenced by age at first breeding and litter size.
Because some white-tailed deer breed as fawns and yearlings are more 
productive than mule deer yearlings, we would expect a lower optimum 
female age ratio for white-tailed deer than for mule deer, Nellis and 
Taber (I9 6 4) have calculated an optimum female age ratio of 40-45 for 
white-tailed deer. They also give a ratio of 120-125 as optimum for 
female elk; this reflects the smaller litter size and older age at 
first breeding of elk (Murie 1951).
The data presented by Taber and Dasmann (1957) give age ratios 
as shown in Table 14, At the time of their study, California had a buck 
law that allowed only bucks with forked antlers to be taken (Taber and 
Dasmann 1958). They also state that hunting was much easier in the open
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Table 1 4. Age ratios of California deer compared with those of 
the Bison Range mule deer and the optimum ratios»
Sex
Taber and Dasmann 1957 Present study
Shrubland Chaparral Bison Range Optimum
Male 5 9 ,4 110,1 57.6 10
Female 1 2 3 ,8 196.3 81.6 70
Total 100.0 1 6 0 ,8 67.2 — —
shrubland and that population turn-over was more rapid. This is reflected 
in the age ratios. On the basis of age ratios alone, it appears that the 
shrubland males were being harvested about as heavily as the Bison Range 
males. When these ratios are compared with the optimum ratios it is 
obvious that California could greatly increase its harvest of deer of 
both sexes. The above information is presented to show the potential 
usefulness of the age ratio method and could be duplicated any number of 
times for other game herds.
The data of Andersen (1953), based upon total extermination of a 
Danish roe-deer (Capreolus capreolus) population, have been subjected to 
the age ratio method below (Table 15) to indicate the possible bias 
under different levels of harvest. The most useful comparison is between 
the 25 and 100 percent levels because the 25 percent level most nearly 
represents the optimum harvest for mule deer and the 100 percent level 
represents the structure of the entire population.
We see that the ratios are quite similar for the 25 and 100 percent 
levels of exploitation for males but that there is considerable difference 
for females. These levels are based upon the total number of animals and 
we note that one-half of the males and one-fifth of the females were
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Table 15. Age ratios of roe-deer (data from Andersen 1953)«
 ___________ Level of exploitation___________
Sex ______ 25% 50% 15% 100^
Male 53 (8:15) 55 (11:20) 50 (14:28) 53 (16:30)
Female 88 (7:8) 138 (18:13) 89 (24:27) 69 (31:45)
Total 65 (15:23) 88 (29:33) 69 (38:55) 63 (47:75)
removed at the 25 percent level. In Table l6 the sexes have been separated 
and the levels of exploitation are based upon the number of animals 
(excluding fawns) removed by sex. Therefore, these levels represent the 
actual level for that sex and not for the total population.
We see that the level of exploitation has little effect upon the 
age ratio for males but that the ratio for females is too high at the 25 
percent level. This may be due, in part or entirely, to the relatively 
small samples. The age distribution in a population is fairly accurately 
portrayed by the age distribution in the kill of a random sample of 25 
percent of the population (Table 16). But hunters do not select animals 
on a random basis, and the age distribution, as determined from hunter- 
kill data, is undoubtedly not as representative of the true distribution 
in the population as is the data in Table l6. Hunter-kill data might 
give high age ratios due to the tendency of hunters to select larger animals.
Table l6. Sex-specific age ratios of roe-deer (data from Andersen
1953).
Level of exploitation by sex (excluding fawns)
Sex 25% 50% 75% 100%
Males
Females
50 (4:8) 
90 (9:10)
53 (8:15) 52 
78 (21:27) 73
(12:23)
(24:33)
53 (16:30) 
69 (31:45)
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Anrnial Population Dynamics
Methods. An annual census of all Bison Range herds is conducted 
in February by Montana State University wildlife classes under the super­
vision of Range personnel. A modified drive census is used with the 
students starting at some high point near the center of the Range and 
gradually spreading out as they work down the slopes. By this method, 
the census-takers are more concentrated in the higher timber areas, where 
visibility is poor, than they are in the lower areas of open grassland. 
Also, in February, the deer are at the margins of the timber or in the 
grassland. For these reasons the area can be well covered and a 
relatively accurate census taken. In addition to this annual census 
the Bison Range personnel occasionally fly over the area and count the 
animals. The results of these aerial counts are also considered when 
arriving at the final spring population estimate.
The period of fawn drop was determined by aging recovered fetuses 
(Cheatum and Morton 1942, and Hudson and Browman 1959) as shown in Table 
36. An average gestation period of 200 days has been used for these 
calculations (Taylor 1956), Also, by backdating, the dates of conception 
can be determined.
The method used to determine summer herd composition has previously 
been described. These data and the early June data give an indirect 
index of early summer losses.
The annual reduction program mentioned earlier usually begins in 
late October and is completed by mid-December. The corrections for 
inaccuracies in field aging have been discussed.
Winter losses were determined from carcasses reported by Range
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personnel and those found during the annual census. No estimate of the 
proportion of the carcasses found is available, and total winter losses 
have been estimated on the basis of the limited known losses.
Results. The results of the annual census are shown in Table 33- 
The spring and fall population estimates, derived from this census and 
other data, are also given in this table.
The results of fetal aging and subsequent determination of birth 
and conception dates are shown in Tables 36 and 37 respectively. These 
data are summarized in Fig. 4. The mean birth date is June 8 and the 
mean date of conception is November 21 for the combined results of this 
and an earlier study (Hudson 1956) on the Bison Range. The extremes 
for birth dates are May 23 and June 24 and for conception dates are 
November 5 and December 7- As mentioned previously, the fawn drop was 
calculated at 146 fawns : 100 does.
The results of the herd composition counts are shown in Table 31. 
These data gave 143 fawns:100 does, 58 yearlings :100 adults (61:100 for 
males and $5 :100 for females), a yearling sex ratio of 90 males; 100 
females, and an adult sex ratio of 82:100.
The corrected data on age distribution in the kill from 1954 to 
1962 are summarized in Table 17.
As mentioned earlier, recorded losses during 2 winters included 
1 old doe, 1 yearling buck, 3 male fawns, and 2 female fawns. Actual 
losses would be somewhat higher than the recorded losses.
The above information has been used to construct a tabular summary 
of the annual population dynamics of the Bison Range mule deer (Table 18). 
This table has been constructed by starting with a May population of
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Hudson 1956) from the Bison Range as determined by aging recovered fetuses (assuming a 200-day gestation 
period).
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Table 17. Age and sex-specific age distribution from the Bison 
Range kill data, 1954 to 1962.
Sex Item 0-1 yrs. 1-2 yrs. 2-3 yrs. 3-4 yrs. 4+ yrs. Total
Male Number 7 106 Ill 61 76 361
Percent 1.9 29.4 30.7 16.9 21.1 100
Female Number 7 57 117 67 57 305
Percent 2.3 18.7 38.4 22.0 18.7 100
Total Number 14 163 228 128 133 666Percent 2.1 24.5 34.2 19.2 20.0 100
about 200 head and assuming a stable population level. The calculations 
were actually begun with the July-September herd-composition-count data 
and worked backwards to yield a May population of about 200 deer. This 
resulted in a summer population of about 300 deer.
From Table 18 we see that early summer fawn losses are relatively 
unimportant, adult mortality is high and restricted primarily to the fall 
reduction, and winter fawn losses are quite important (about 20 percent 
of the fawns are lost). The sex differential winter loss of fawns is 
quite striking (30 percent for males vs. 10 percent for females).
Discussion. The limited data from this study indicate that year­
lings may breed slightly later than adults (see Table 37). This is in 
agreement with Cheatum and Morton (1946), Cowan (1956), Severinghaus and 
Cheatum (1956), Robinette (1956), Taber and Dasmann (1958), and others. 
The fact that all of the recorded breeding dates fall within a 1-month 
period reveals that nearly all of the does are bred the first time they 
come into heat. This indicates that there is an abundance of bucks in 
the herd as the 82:100 adult sex ratio confirms. A 32-day span would 
allow does to come into heat twice since their cycle is 28 days (Cheatum
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Table 18. The annual population dynamics of the Bison Range mule deer as reconstructed from 
all available data.
Males Females Fawns
Season________
May population 
Early June 
(fawn drop) 
Early summer 
losses 
July-September 
herd composi­
tion 
November- 
December 
reduction 
Winter losses 
May population
4+ yr. 3-4 yr. 2-3 yr. 1-2 vr. 4+ yr. 3-4 yr. 2-3 vr. 1-2 yr. male female Total
26 
3?i 18^  L19
16
7
9
15
8
7
26
11
15
37
10
1
26
19
8
1
10
18
9
9
33
15
18
41
7
1
33
37^.^41 205
56 49 310
3 2 5
53 47 305
1 1 77
15 5 23
37 41 205
1/ The sex ratio of fawns at tîurth is aâ named to be 120 males: 100 females as suggested by 
Taber (1953a).
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and Morton 1942, and Taylor 1956). Fifty percent of the breeding occurs 
in a 9-day period (November 13-21). The distribution of breeding dates 
is somewhat skewed so that 64 percent of the breeding occurs before the 
mid-point in the period (November 21) and 36 percent occurs after the 
mid-point. This finding agrees with Robinette and Gashwiler (1950) 
except that the Utah peak was later than that of the Bison Range mule deer.
The most noteworthy finding revealed in the annual population 
dynamics table is the very low early summer fawn mortality. This is 
also evident in the survivorship curves in the next section. The winter 
loss of fawns, however, is fairly high. These fawn losses also show a 
definite preponderance of males. Sex differential mortality has been 
reported by Cowan (1950), Gunvalson et al. (1952), Taber and Dasmann 
(1954), Robinette et al, (1957), and many others. This sex differential 
loss results in a reversal of the sex ratio from 120 males:100 females 
in utero to 90:100 at 15 months of age on the Bison Range,
Life Tables and Survivorship Curves
Methods, The method of age determination has already been dis­
cussed, as have the corrections for field inaccuracies in aging. These 
corrections involve primarily the 1-2, 2-3, 3-4, and 4-5 year classes.
Some corrections have been made in the 5-6 and 6-7 year classes, but 
corrections were not made beyond this age because the sample was too 
small.
The standard 5-column life table is used: (x) age interval,
(1^) number living at beginning of interval, (d^) number dying during 
interval, (q^) mortality rate per 1,000, and (e^) mean life-time remaining
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for animais entering that interval. All tables, except Table 19, were 
constructed from mortality data (the d^ column),
A life table (Table 19) for a theoretical herd has been constructed 
by assuming a constant mortality rate (q^) for each sex. These rates 
were chosen, by a trial and error process, to give age ratios of approxi­
mately 10 for males and 70 for females. It is also assumed that fawns
of both sexes are harvested at the same rate as are does.
From the meager data on non-removal mortality, it has been 
assumed, for the purpose of constructing Table 22, that (a) 30 percent 
of the male and 20 percent of the female fawns die or are removed each 
year, (b) each year, 1 yearling of each sex dies from non-reduction 
causes, and (c) every third year, 1 adult of each sex in each age class 
dies from causes other than herd reduction. These assumed losses have 
been added to the corrected removal data to give the final life table.
The 1963 data are undoubtedly biased since a definite attempt was made 
to collect certain sex and age classes. The 1952 and 1953 data probably 
do not represent the present herd conditions since they were taken during 
the first few years of the removal program and the herd had probably not 
fully adjusted to this population drain. Therefore, the 1952, 1953? and 
1963 data have been excluded from the calculations in arriving at the 
final life table for the Bison Range mule deer (Table 22).
Survivorship curves are used to compare the dynamics of the Bison
Range mule deer with those of other wild ungulate herds. These curves 
are constructed by plotting the number alive at the beginning of an age 
interval (l^)» on a logarithmic scale, against the age at the beginning 
of the interval, on a standard numerical scale (standard semi-logarithmic 
paper).
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Results « The various life tables are shown in Tables 19, 20, 21, 
and 22 and the survivorship curves in Figs. 5 and 6. Table 22 is the life 
table tentatively accepted as most representative of the current dynamics 
of the Bison Range mule deer.
Table 19. Life table for a theoretical mule deer population under 
optimum harvest intensity!/ with a constant mortality rate among the age 
classes.
X Ix dx Ox © X
A. MALES
36o|/0 -1 1000 360 1 .4 1
1 -2 640 448 700I/ 0.93
2-3 192 134 700 0 .9 2
3-4 58 41 700 0.89
4-5 17 12 700 0.82
5-6 5 5 1000 0.50
B. FEMALES
360^0-1 1000 360 2.27
1-2 640 230 360 2.27
2-3 410 148 360 2.26
3-4 262 94 360 2 .2 5
4-5 168 60 360 2 .2 3
5-6 108 39 360 2.20
6-7 69 25 360 2 .1 7
7-8 44 16 360 2.11
8-9 28 10 360 2 .0 4
9-10 18 6 360 1.89
10-11 12 4 360 1.58
11-12 8 3 360 1 .1 3
12-13 5 5 1000 0 .5 0
±/ Optimum harvest intensity is defined as that level of harvest 
which produces age ratios of 10 for males and 65-70 for females.
2/ Male fawns, being ant1erless, are harvested at the same rate 
as females.
3/ A constant mortality rate of 70 percent gives an age ratio of 
9-6 for males.
4/ A constant mortality rate of 36 percent gives an age ratio of 
69 for females.
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Table 20. Life table for the Bison Range mule deer constructed
from the uncorrected age data from the kill.
dx
A. MALES
0-1 1000 36 36 3 .0 6
1-2 964 339 352 2 .1 5
2-3 625 182 291 2.05
3-4 443 172 388 1 .6 9
4-5 271 151 557 1.44
5-6 120 56 467 1.626-7 64 30 469 1 .5 97-8 34 10 294 1 .5 6
8-9 24 17 708 1.00
9-10 7 2 286 1.21
10-older 5 5 1000 0 .5 0
B. FEMALES
0-1 1000 51 51 3 .2 6
1-2 949 205 216 2 .4 1
2-3 744 211 284 1 .9 4
3-4 533 252 473 1 .5 1
4-5 281 158 562 1 .4 1
5-6 123 70 569 1.57
6-7 53 17 321 1 .9 9
7-8 36 17 472 1 .6 9
8-9 19 6 316 1.76
9-10 13 2 154 1.35
10-older 11 11 1000 0 .5 0
Discussion. The life table for the theoretical mule deer popula­
tion has been constructed to show the age distribution that could be 
expected if the population was stable and was being harvested as heavily 
as possible. It is doubtful if the mortality rate would be constant in 
a wild population, but under intensive harvest age-differential mortality 
would be minimized due to the increased difficulty of killing a deer.
Some differential would be expected because young animals may be slightly 
more vulnerable than older animals. Any such differences would be small 
and Table 19 is, therefore, probably quite close to what we could expect
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Table 21. Life table for the Bison Range mule deer based upon
the corrected age distribution in the kill.
Ix iS_
A. MALES
0-1 1000 36 36 2.92
1-2 964 290 301 2.01
2-3 674 323 479 1.66
3-4 351 137 390 1.72
4-5 214 118 551 1.51
5-6 96 38 396 1.75
6-7 58 24 414 1.57
7-8 34 10 294 1.32
8-9 24 16 667 1.08
9-10 8 2 250 1.25
10-older 6 6 1000 0.50
B . FEMALES
0-1 1000 51 51 3.10
1-2 949 175 184 2.24
2-3 774 348 450 1.63
3-4 426 228 535 1.55
4-5 198 94 475 1.76
5-6 104 51 490 1.90
6-7 53 13 245 2.25
7-8 40 15 375 1,82
8-9 25 9 360 1.62
9-10 16 4 250 1.25
10-older 12 12 1000 0.50
for mule deer under the intensive harvest that would accompany the maxi­
mization of meat yield or recreation provided by hunting. The adult sex 
ratio for this theoretical population is 51 malestlOO females (912:1772); 
this is more than adequate to insure successful breeding. Even if the 
hunting season was conducted prior to the breeding season, the adult sex 
ratio would be 24:100 (272:1130) during the rut. It would, therefore, 
be possible to harvest the males even more heavily than shown in Table 19. 
As mentioned previously, if the hunting season was held after the breeding 
season it would be possible to remove all antlered deer and still insure
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Table 22, Life table for the Bison Range mule deer based upon
known and assumed-/ mortality from all causes from 1954 to 1962.
dX. -SbsL
A. MALES
0-1 1000 300 300 2.27
1-2 700 209 299 2.03
2-3 491 208 424 1.68
3-4 283 117 413 1.55
4-5 166 91 548 1.385-6 75 33 440 1.45
6-7 42 22 524 1.19
7-8 20 11 550 0.95
8-9 9 9 1000 0.50
B. FEMALES
0-1 1000 200 200 2.64
1-2 800 l6l 201 2.17
2-3 639 292 457 1.59
3-4 347 170 490 1.51
4-5 177 93 525 1.48
5-6 84 36 429 1.56
6-7 48 20 417 1.35
7-8 28 15 536 0.96
8-9 13 13 1000 0.50
i/ Assumed, based upon Table 18, that: (a) 30 percent of the
male and 20 percent of the female fawns die before reaching 1 year of 
age, (b) each year, 1 yearling of each sex dies from causes other than 
removal, and (c) every third year, 1 adult of each sex in each age class 
dies from causes other than removal.
enough bucks the following fall because the male fawns would became year­
lings capable of breeding. Although a biological possibility, I do not 
advocate the removal of all antlered deer because some hunters derive more 
enjoyment from killing 1 mature buck than they would from taking many 
yearlings. It is for this reason, and not for biological reasons, that 
I have chosen an age ratio of 10 as optimum for males.
Survivorship curves provide the best comparison of different 
populations, and I will confine the remainder of my remarks to a discussion
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Fig. 5. Survivorship curves for males of 1 theoretical and 4 
natural ungulate populations.
--------------- Theoretical mule deer population (see Table 19)
--------------- Bison Range mule deer (see Table 22)
------- ---------Chaparral —  black-tailed deer (Taber and Dasmann 1957)
 --------- Shrubland —  black-tailed deer (Taber and Dasmann 1957)
—   ------------Dali sheep (Murie 1944 in Taber and Dasmann 1957)
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Fig- 6. Survivorship curves for females of 1 theoretical and 
4 natural ungulate populations.
--------------- Theoretical mule deer population (see Table 19)
----------------Bison Range mule deer (see Table 22)
--------------- Chaparral —  black-tailed deer (Taber and Dasmann 1957)
—  —  — ------ Shrubland —  black—tailed deer (Taber and Dasmann 1957)
 ---------- Dali sheep (Murie 1944 in Taber and Dasmann 1957)
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of Figs. 5 and 6. The theoretical population would be controlled by 
hunting. The mortality in the Bison Range population results primarily 
from removal but there are some other losses, especially in the fawn 
class. The black-tailed deer are subjected to branch-antlered-buck- 
only hunting and the losses in the other classes are due either to 
emigration or malnutrition. The differences between the curves of 
Bison Range and chaparral deer are probably due to different levels of 
harvest. The Dali sheep are not hunted but some sheep, especially lambs 
and adults over 9 years old, are removed by wolf (Canis lupus) predation. 
The black-tailed deer and sheep populations are discussed in detail by 
Taber and Dasmann (1957).
All of the populations, except the Dali sheep, show a higher 
mortality rate for males than for females. This difference is most 
noticeable in the theoretical population and least noticeable in the 
Bison Range population, A possible explanation for the reversal in 
mortality rates in sheep, when compared to the deer populations, is 
that male Dali sheep are subjected to less nutritional drain than are 
male Cervidae which grow new antlers each year. Male sheep usually do 
not actively participate in the rut as early in life as do male Cervidae, 
and this may also contribute to the excellent survival of male sheep 
between 1 and 9 years of age.
Both sexes of all populations exhibit a high loss during the
first year of life. The Bison Range mule deer show the least loss for
both sexes. In general, the mortality rate of males is higher than
that of females during the first year, Taber and Dasmann (1958) 
attribute this to the tendency of young males to be more independent
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and to leave the company of their mothers sooner than young females would.
Among the males the mortality rate during the second year is small 
for shrubland deer and Dali sheep, intermediate for chaparral deer, and 
large for Bison Range deer. The loss of Bison Range deer is due almost 
entirely to herd control. From the third year to old age all of the hunted 
populations suffer heavy losses whereas the loss of Dali sheep is very 
small. Taber and Dasmann (1957) attribute the increased survival of male 
black-tailed deer between 4 and 7-8 years of age to learning and behavior 
that reduce vulnerability to hunting. This is not noticeable in the 
Bison Range deer and may be a reflection of either the method of removal 
or the increased vulnerability of adult males during the rut. Survivor­
ship curves tend to become steeper during old age; this is expecially 
noticeable for Dali sheep and is not seen in the heavily harvested Bison 
Range herd.
The survivorship curves for females do not vary as much among 
species as those for males. The 2 populations having the steepest curves 
(theoretical and Bison Range deer) are subjected to harvest of females, 
whereas in the other 3 populations females are not hunted. No male 
populations are harvested as heavily as the theoretical population; how­
ever, the Bison Range deer show higher female mortality than the theore­
tical herd. The gradual decline in the size of the Bison Range herd may 
be the result of adult females being slightly over-harvested, and the 
survivorship curves show this. This would also indicate that the theore­
tical population actually represents nearly the optimum level of harvest.
During the second year, the loss of females is small in all popula­
tions except the Bison Range herd and, to a lesser extent the shrubland
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deer. The loss of yearlings on the Bison Range is less than that of adult 
females. After the second year, the Bison Range deer show a steep and 
nearly straight-line curve. The female Dali sheep, between 2 and 9 years, 
have a very gentle curve. This very low mortality is attributed to 
reduced competition for food due to the removal of young and old animals 
by wolves (Taber and Dasmann 1957). The black-tailed deer also show 
relatively constant mortality between 2 and 9 years although the curves 
are steeper than for sheep. Taber and Dasmann (1957) attribute these 
steeper curves to competition for food and thereby control of the female 
population by starvation. All 3 unhunted populations of females (sheep, 
shrubland deer, and chaparral deer) show very high mortality after 9 years. 
The Bison Range deer do not live long enough, due to the heavy removal, 
to reach the stage of senility that causes increased mortality.
"It seems that most of the differences between these various popu­
lations are not inherent in the species, but rather are imposed by environ­
mental conditions" (Taber and Dasmann 1957:245). Hunting pressure is, 
and should be, a very important part of the environment. There is an 
inverse relationship between hunting pressure and survivorship in prime- 
age animals —  as hunting pressure increases survivorship decreases.
Another factor that could be classified as environmental is the 
nutritional drain on females as a result of pregnancy and lactation.
There is an inverse relationship between fawn production and survivorship 
in prime-age females —  as fawn production increases survivorship decreases 
or vice versa (Taber 1957). The best comparison is between shrubland and 
chaparral deer but the Bison Range deer have also been included because 
the biotic potential for all 3 herds is the same. In Table 23, fawn
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production is indicated by the summer fawn:doe ratio and survivorship is 
indicated by life expectation at 1 year and the slope of the survivorship 
curve for prime females (between 3 and 7 years of age). The data for 
shrubland and chaparral deer are from Taber and Dasmann (1957).
Table 23. The relationship between fawn production and survivor­
ship of females.
Herd
Fawns:100 adult 
does in the 
summer
Life expectation 
at 1 year of 
ase
Slope of survivor­
ship curve for 
crime females
Chaparral 50 5.3 30"Shrubland 125 3.6 46"
Bison Range 143 2.2 67"
Summary
The annual recruitment to the Bison Range mule deer population is 
50-55 percent allowing a harvest of 33-35 percent if all losses are due 
to harvest. Some other losses do occur so the actual harvest is 25-30 
percent of the fall population.
Age ratios, expressed as old:young X 100, are a convenient way to 
express age distribution. (Old animals are 3-4 years old or older and 
young animals are 1-2 and 2-3 years old.) The age ratio for females is 
more important than that for males because deer are polygamous and 1 buck 
can service several does. Age ratios can be used as an indirect index of 
past harvest intensity and are thereby potentially useful in determining 
future management if the optimum ratios are known. The age ratios, as 
determined in this study, are 57 for males and 82 for females. From other 
data and the knowledge that yearling females are under-represented in the 
Bison Range kill, I suggest that we tentatively accept age ratios of 10
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for males and 65—70 for females as the optimum for mule deer* A life 
table giving these ratios is presented*
Nearly all of the breeding occurs in a 1-month period (November 5 
to December 7) and 50 percent occurs during a 9-day period (November 13-
21). Fawns are born during the last week in May and the first 3 weeks 
in June with the peak occurring during the first week in June. Early 
summer fawn losses are very small but winter losses are about 20 percent 
of the fawns (30 percent for males and 10 percent for females). Adult 
mortality is quite high (about one-half of the adult population dies each 
year), primarily as a result of the November-December removal by Range 
personnel.
The dynamics of the Bison Range mule deer have been reconstructed 
and are presented in a sex-specific life table. This table reveals a high 
mortality in all classes with a life expectation at birth of 2.27 years 
for males and 2.64 years for females. This population is compared, by 
survivorship curves, with 2 black-tailed deer populations that are 
subjected to buck-only hunting and starvation, a Dali sheep population 
under heavy wolf predation, and a theoretical mule deer herd under optimum 
harvest intensity. All of these populations, except Dali sheep, show a 
higher mortality rate for males than for females. All populations show 
relatively high fawn (lamb) loss with the Bison Range deer showing the 
lowest loss. Male fawns show a higher mortality rate than do females.
Among males, yearling mortality is low except for the Bison Range 
deer (due to harvest). From the third year to old age all of the hunted 
populations suffer heavy loss and the Dali sheep show very little loss.
The survivorship curves become steeper with old age except for the Bison
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Range deer, which are harvested before becoming senile.
Female survivorship cxirves are less variable among species than 
are male curves. The curve for Bison Range females is steeper than the 
theoretical which indicates, as the slow decline in herd size confirms, 
that the female mule deer on the Bison Range are slightly over-harvested.
The differences noted are due more to environmental than to 
species differences. The environment includes predation, hunting, 
starvation, and other factors. Hunting is the most important factor on 
the Bison Range. There is an inverse relationship between hunting pressure 
and survivorship, and fawn production and survivorship of females. This 
could be due either to added nutritional drains on females producing more 
fawns or to compensatory reproduction.
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PART III: SKELETAL SIZE
Introduction
The size of an animal is dependent upon many factors. In early 
life age is a primary factor but even then nutrition and heredity are 
important. Nutrition is the ultimate factor affecting the size of adult 
deer. Several studies have shown a correlation between body weight and 
range condition (nutritional level) (Johnson 1939, Park and Day 1942, 
Hunter 1947, Cowan and Wood 1955, Riney 1955, Severinghaus 1955, Bandy 
et al. 1956, Gill 1956, Banasiak I96I, Brown I96I, Anderson et al. 1964, 
and others). Nutrition also exerts a marked influence upon antler devel­
opment (Severinghaus et al. 1950, Cowan and Wood 1955, French et al. 1956, 
Magruder et al. 1957, Cowan and Long 1962, and others). All of the 
measurements discussed in this section are, to some degree, correlated 
with age and sex.
Several methods have been suggested and used for determining the 
age of deer. Antler beam diameter can be used as a rough indicator of 
age (Johnson 1937, Hunter 1947, Severinghaus et al, 1950, Taber and 
Dasmann 1958, and others). Hunter (1947) has shown that head length, 
beam diameter, and length of first antler fork are also correlated with 
age. But all of these indicators are gross and precise age determination 
is impossible, especially in older deer.
The most widely used method of deer aging is by tooth replacement 
and wear. Livestock workers have long known that the age of an animal 
could be roughly determined by examining its teeth. Tooth replacement 
in deer was described by Cahalane (1932), McLean (1936), and many later 
authors. It was not until Severinghaus (1949) described the pattern of 
tooth replacement and wear for the white-tailed deer of New York that
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deer could be accurately aged. This technique has been modified for use 
in other areas (Moreland 1953, Jones 1954, Robinette et al. 1957a, Ryel 
et al. 1961, and others). Robinette et al, (1957a) describe the pattern 
of tooth replacement and wear for Utah mule deer. In addition, they 
worked out "molar ratios" and developed a curve for age determination 
based upon these ratios.
Another refinement in aging is known as the dental impression 
technique (Flyger 1958, and Barnes and Longhurst i960). This method 
involves making an impression of the cheek teeth and then making a 
duplicate cast of these teeth. The procedure allows "jaw" samples to 
be taken by unskilled personnel and collected at a central location 
where an expert can age the entire sample. The primary advantages of 
such a procedure are increased accuracy and greater consistency.
Two recent techniques for age determination have been reported.
Lord (1962) indicates that age can be determined by eye-lens weight, 
although the weight of the lens is also affected by nutrition. This 
method becomes less reliable with increased age. A more promising 
method has been described by Low and Cowan (1963). This method involves 
decalcifying, sectioning, and staining the root of the middle incisor 
and counting the annual layers of cementum. The accuracy of this method 
apparently does not decrease with increasing age of the deer.
Age Determination
Methods. The age of each deer used in this study was determined 
by the procedure described by Robinette et al. (1957a). Each jaw was 
examined for the pattern of tooth replacement to separate fawns, yearlings.
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and adults. No further examination of fawn and yearling jaws was made, 
but each adult jaw was subjected to additional examination. First, each 
adult jaw was assigned an estimated age based upon the general appearance 
by comparison with a jaw-board and the photographs in Robinette et al. 
(1957a). Then the molars were measured, as described by Robinette et al, 
(1957a), and "molar ratios" calculated. These ratios were plotted (Fig,
22) to determine the age of the specimen-
Results, The results of the age determination for each deer are
shown in Table 34. These results are used primarily in the section on 
population dynamics and to provide aged specimens for the material to 
follow on skeletal size.
Discussion. The sequence of replacement in yearlings was not 
constant and in some specimens the incisors and cheek teeth were slightly 
out of phase when compared to the description by Robinette et al. (1957a). 
Most discrepancies in aging occurred in the older deer where aging is at 
best only approximate. The replacement of teeth is slower in mule deer 
than in white-tailed deer and wear occurs more slowly in mule deer.
Therefore, the characteristics for one species should not be used to deter­
mine the age of the other species. The Bison Range personnel age both 
species of deer by the system for white-tailed deer; this may account, in 
part, for their inaccurate aging.
Brown (I96I), working with known-aged jaws, has found that molar 
ratios, as described by Robinette et al, (1957a), show a fairly even 
increase with age but that there is considerable overlap between the 
age classes even in younger deer. This finding agrees with the data of 
Robinette et al. (1957a).
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Hindfoot Length
Methods„ Each right hindfoot was measured at least twice to reduce 
the possibility of an error in placement of the tape or reading. The 
standard hindfoot measurement was taken to the nearest one-eighth of an 
inch, A more refined measurement would lead to a false impression of 
accuracy since neither the beginning nor ending points are definite. The 
length of the hoof would also vary among deer,
Result5. The individual hindfoot measurements are shown in Table 
28 and plotted by sex and age in Fig. ?, From this figure we see that 
the only age class that could be separated accurately is the fawn class. 
The sexes could be separated by the length of the hindfoot alone in deer 
over 3 years old. The measurements also reveal that the hindfoot bones 
of females apparently reach maximum length by 2g years whereas those of 
males reach maximum length after 3g years..
Initial comparisons of the hindfoot measurements of the deer from 
the Bison Range with those from the Rattlesnake (a montane forest range 
near Missoula, Montana on which the mule deer have been intensively 
studied (White 1956, Taber et al. 1959, Bailey I960, and Klebenow 1962)) 
indicate that the Bison Range deer are slightly larger. Due to the large 
error in hindfoot measurements, it was advisable to make these comparisons 
on the more accurate cannon-bone lengths.
Discussion, The curves in Fig. 7 have been drawn freehand as 
balanced curves because the samples are too small to warrant statistical 
treatment. These results will not be discussed in great detail due to 
the limited sample and the fact that cannon-bone measurements represent 
nearly the same parameter.
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Fig. 7- Variation by sex and age in the hindfoot length of the 
Bison Range mule deer.
Hunter (1947) has shown the same trend in hindfoot measurements 
as is seen in my data. In general, males are larger than females and 
females reach adult size sooner than males (Park 1938, Hunter 1947, 
Krefting et al. 1955, Severinghaus 1955, Krefting and Erickson 1956, 
and others).
The length of the hindfoot varies with nutritional level (Gill 
1956, Banasiak I96I, and Anderson et al. I964). Park and Day (1942) 
state that hindfoot length is too constant to be used as a condition 
index and Gill (1956) states that it is less affected by nutrition than 
are weights and antler size. Bandy et al (I95 6), working with high and
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low plane deer, found that the level of nutrition did not have a signifi­
cant effect upon hindfoot length but state that some difference would be 
expected.
Cannon-bone Length
Methods. During the autopsy procedure each cannon-bone (metacarpus 
or metatarsus) was removed and labeled. The "hoof portion" was removed 
at the joint between the phalanx and metacarpus or metatarsus and the 
cannon-bone was separated from the leg at the "smooth joint" (the articu­
lation of the carpus with the metacarpus or the tarsus with the metatarsus). 
Greatest length was taken to the nearest millimeter since both the beginning 
and ending points are definite and measurements could be repeated with a 
maximum error of 1 ram.
Results. The cannon-bone measurements for each deer are shown in 
Table 28 and plotted by sex and age in Figs. 8 and 9- The plotted values 
represent the average of the right and left bones since there was no 
difference in length (see Table 28). Here again, the curves have been 
sketched freehand because of the small sample.
The trend in cannon-bone size is the same as that noted for hind­
foot length. Fawns can be separated from adults. There is some overlap 
by sex in the cannon-bone lengths for adults but it should be possible 
to separate the sexes in deer over years old. The growth of the 
metacarpals appears to be much more variable than that of the metatarsals.
Initial comparison of the Bison Range and Rattlesnake mule deer 
on the basis of metatarsal length reveals no statistical difference.
There are, however, some indications that the Bison Range deer have
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Fig. 8. Variation by sex and age in the length of the metacarpus 
from the Bison Range mule deer.
larger cannon-bones, and it is possible that with a larger sample an actual 
difference could be established.
Discussion. What has previously been said concerning hindfoot 
lengths applies to cannon-bone lengths as well as other skeletal measure­
ments. Namely, we would expect sex, age nutrition, and genetics to 
affect most skeletal measurements. As mentioned above, the metacarpals
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Fig. 9 . Variation by sex and age in the length of the metatarsus 
from the Bison Range mule deer.
appear to be much more variable than the metatarsals and it seems advisable 
to use the metatarsals in future work.
Any difference in the size of the cannon-bones of the Bison Range 
and Rattlesnake mule deer is probably too small to detect without greatly 
increasing the sample from both areas. There are some indications that 
the Bison Range mule deer may be slightly larger than their Rattlesnake 
counterparts. This is interesting since the Rattlesnake herd is semi- 
migratory and the Bison Range herd non-mlgrator% and migratory deer are 
usually larger than non-migratory ones (Cowan 1936, Leopold et al. 1951,
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Taber and Dasmann 1958, and others). If nutrition was the cause of the 
larger size of the Bison Range deer, we would expect them to be in better 
physical condition; this is not the case (see page 102), We should not 
rule out a possible genetic effect because the Bison Range deer are 
isolated from other herds and were established from 2 introductions — ■
6 mule deer in 1918 and 17 in 1921 •—  from Yellowstone National Park. 
Therefore, the original gene-pool was small and inbreeding due to 
isolation could have produced genetically larger animals. The possibility 
of a genetic factor is strengthened by the work of Bandy et al, (1956) 
which indicates that hindfoot and consequently cannon-bone length is 
affected little if any by nutritional status.
An inspection of Figs. 8 and 9 reveals a large individual variation 
in the cannon-bone lengths. Possible explanations for the variation are: 
(a) individual variability within a population is this great, or (b) the 
variability is the result of sampling several different sub-populations 
of deer. From the method of harvesting the deer and my general observa­
tions on the area I am inclined to accept the latter possibility. There 
are several sub-herds on the Bison Range and some of these are in more 
remote areas than others with regard to the annual reduction effort.
The sub-population theory is also supported by the occurrence of 
a number of old does in this heavily harvested herd. It is probable 
that these old does come from sub-populations that are more lightly 
harvested than the other sub-herds. Since the reduction is conducted 
during the rut, the bucks are moving much more than the does and are 
probably subjected to more even pressure.
Female deer, here and elsewhere, grow very little after they reach
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2^ years of age whereas males continue to grow at least until they reach 
years. The most obvious explanation for this sex differential in the 
termination of growth is that does usually produce their first young at 
2 years of age and are therefore subjected to a nutritional drain during 
pregnancy and lactation that apparently results in premature termination 
of body growth. It is also possible that there is an inherent sex dif­
ference. This would be easily checked experiment ally by allowing some 
does to breed and preventing others from breeding. Also, wild does that 
breed as yearlings should be smaller than their non-breeding counterparts.
Total Length
Methods. The total length was taken on each deer shortly after 
it was collected. The animal was placed on its side and the measurement 
was taken to the nearest one-quarter of an inch with a steel tape. The 
measurement was begun at the tip of the nose —  a line drawn perpendicular 
to the long axis of the head and touching the nose —  and the tape was 
extended caudad along the top of the head, down the neck, and along the 
spine to the base of the tail. The terminal point was where the skin 
extends from the tail down onto the rump. This point is not fixed and 
would induce a small error into the measurement. The tape was always in 
contact with the body of the deer along the dorsal mid-line; therefore, 
this measurement is actually the contour length of the animal from the 
tip of the nose to the base of the tail.
Each deer was measured at least twice and the measurements were 
averaged to determine the recorded total length. If I was measuring the 
deer alone I took at least 3 readings because it is more difficult for 1
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person to hold the tape in position. If any of the measurements varied 
by over one-half of an inch other readings were taken until the odd 
measurement was located and discarded.
Results. The total length of each deer is shown in Table 28 and 
plotted by sex and age in Fig. 10. Fawns can be separated from adults by 
total length. Yearlings show considerable growth but there is too much 
overlap with older deer to allow reliable separation. Older deer could 
be sexed with fair reliability by total length. As in other skeletal 
measurements, the growth of females terminates earlier than that of 
males and leads to an increase in the difference between the sexes as 
the age of the animal increases
Discussion. The percentage error in the total length measurement 
is probably no greater than that for hindfoot since the total length is 
much longer than the hindfoot length. The same trends noted in other 
skeletal measurements are seen in total lengths. As mentioned previously, 
the variability noted within any sex and age class may reflect the 
sampling of different sub-populations of mule deer on the Bison Range.
Jaw Length
Methods. Each jaw was removed, tagged, and saved. Two measurements 
were taken to the nearest millimeter on each jaw (Fig. 11). One measure­
ment (a ) was taken from the mental foramen to the anterior corner of the 
jaw articulation surface and the other (B) was taken from the mental 
foramen to the posterior rim of the angle of the ramus. Jaw length, as 
used here, is the average of the above 2 measurements.
Results. The measurements of jaw length are shown in Tables 28
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Fig. 10. Variations by sex and age in the total length of the 
Bison Range mule deer.
and 35 and are plotted by sex and age in Fig. 12. The curves are sketched 
freehand. In the fall, jaw length could be used to separate fawns from 
other deer, but the sex of the fawn could not be determined. Yearlings 
could be separated from older deer if the sex was known, but the sexes 
could not be separated on the basis of jaw length. Yearling males are 
slightly larger than yearling females. Deer 2^ years old or older cannot 
be aged by jaw length. The sex of the animal cannot be accurately 
determined in 2^- and 3&-y®ar-olds, but the sex difference in jaw length 
increases within these classes. Sex can be determined from jaw length
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Fig, 11. The method of measuring jaw size.
in deer years old or older. As mentioned previously, females reach 
maximum size sooner than males.
Discussion. Many authors have commented on the "short-faced" 
appearance of fawns and to a lesser extent of yearlings. This indicates 
that the jaw increases in length with age. Hunter (1947), working with 
mule deer in Colorado, found that head length was a fairly accurate index 
of age in younger deer during the fall. Head length was only a rough 
indicator of age in 2^^5^-year-old deer but past 5s years there was no 
correlation. In general, my data on jaw lengths agree with Hunter's 
data on head length. However, I would not place too much reliance on 
separating yearlings from older deer since an accuracy of about 80-90
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Fig. 12. Variation by sex and age in jaw length of the Bison 
Range mule deer.
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percent can be expected if the sex is known. Jaw or head length might 
prove to be more accurate than dental characteristics if untrained 
personnel are employed at checking stations. My data show that the 
aging accuracy (using dental characteristics) for yearlings is about 
85 percent when the ages determined by Bison Range personnel are compared 
with those I determined in the laboratory. Brown (I96I), working with 
known-age jaws, has shown that only 90 percent of the yearlings are 
aged correctly by semi-trained personnel. This inaccuracy is the result 
of carelessness for there should be no mistakes in determining the age 
of yearlings from dental characteristics. Brown (I96I) also found a 
60 percent accuracy in aging S^-year-olds whereas I found an accuracy 
of 50 percent for this class on the Bison Range.
Bergerud (I9 6 4), working with Newfoundland caribou (Rangifer 
tarandus), found that mandible length was related to sex in caribou over 
2ç years old. It was necessary to age the 2- and 3-year-olds to separate 
the sexes but mandible growth was so insignificant in older animals that 
they could be sexed without knowing their age. Mandible growth after 4 
years of age is therefore very slight. Unfortunately, Bergerud presents 
no data on the calf and yearling classes and we must conclude that sex 
cannot be distinguished in these age classes by measuring mandible length. 
My results, in general, agree with Bergerud's except that I found much 
more overlap in the sexes in the 2^ and 3& age classes for mule deer than 
he did for caribou.
Antler Measurements
Methods. The antlers from each buck were removed by sawing off
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the top of the skull. The greatest outside spread was taken to the nearest 
one-eighth of an inch at the widest point. The greatest length of beam 
was taken to the nearest one-eighth of an inch from the burr along the 
outside curvature to the point giving the greatest length. The number of 
points was determined by counting all points, except brow tines, that 
were longer than wide. Beam diameter was taken 1-inch above the burr with 
a flexible ^-inch steel tape. The weight of each antler was determined 
to the nearest gram after the antler was removed from the skull plate 
just below the burr. Therefore, these antler weights represent as nearly 
as possible the weight of the shed antler.
Results. Table 38 gives the results of all measurements taken on 
the antlers. The antler development of the Bison Range mule deer is 
apparently better than average (Hunter 1947, Cowan and Wood 1955, and 
Taber and Rognrud 1959). These results have been plotted by age class 
below and show that all measurements increase with age. Fig. 13 shows 
the greatest spread. Fig. 14 the greatest length. Fig, 15 the number 
of points. Fig. 16 the average beam diameter, and Fig. 17 the average 
antler weight. No animals over 5 years old were taken and the only 
4&-year-old was needed as a specimen by the Bison Range personnel and 
was not measured. The 32-year-olds were taken when the antlers were 
still growing and some measurements were impossible and others only 
approximate. The 1-2 and 2-3 classes are the only ages adequately 
represented in my sample.
Discussion. Antler size is determined to a certain extent by 
age (Hunter 1947, Robinette and Jensen 1950, and others). My data indi­
cate that even in a fairly small area there is a tremendous variation in
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Fig. 1 4. Variation in greatest length of antler beam by age
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Fig. 15. Variation in number of antler points by age class 
(total of both antlers excluding brow tines).
antler size within any age class, and an overlap exists between all adja­
cent age classes. Therefore, age cannot be accurately determined, even 
for young bucks, from antler measurements.
Several studies have shown that antler size is a function of 
nutrition (Park 1938, Johnson 1939; Park and Day 1942, Severinghaus et al. 
1950, Leopold et al. 1951, Cowan and Wood 1955, French et al. 1956,
McEwen et al. 1957, Magruder et al. 1957, Taber 1958, Taber and Dasmann 
1958, Brown 1961, and others). The overlap in most of the antler measure­
ments between the 1^ and 2^ year classes in my sample results from a 
2^-year-old with small antlers. It is possible that this deer came from 
a sub-population that is less heavily harvested and presumably on a lower 
nutritional plane than are the other Bison Range mule deer.
The greatest spread and the weight appear to be the best measures 
of antler size because they increase more rapidly with age. Weight would
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Fig. l6. Variation in antler beam diameter by age class 
(average diameter of both antlers).
also measure total antler growth and be the best measurement for 
determining condition from antler size.. The number of points appears 
to be the least reliable measurement.
Summary
Skeletal size is a function of age, sex, nutrition, genetics, 
and probably other factors. In this study, dental characteristics were 
used to determine age. The following skeletal measurements were taken: 
hindfoot length, cannon-bone length, total length, jaw length, and antler 
measurements. Antler measurements taken were: greatest spread, greatest
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Fig. 17» Variation in antler weight by age class (average 
weight of both antlers).
length of beam, number of points, beam diameter 1 inch above the burr, 
and weight.
Fawns can be separated from other deer by all of the skeletal 
measurements. Yearlings can be separated from adults with about 80-90 
percent accuracy by jaw length. Age cannot be accurately determined for 
deer 2§ years old or older by any of the skeletal measurements. Sex 
differences in size begin to show in the yearling class and gradually 
widen in the 2^ and 3h classes as a result of females terminating
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grovrth at or shortly after 2g years. This termination may be due to the 
nutritional drain of pregnancy and lactation. The sex of the deer can be 
determined from any of the skeletal measurements for deer 4s years old or 
older. The great individual variation in skeletal size may be due to 
sampling different sub-populations from the total Bison Range mule deer 
population. These sub-populations may be on different nutritional levels 
and this would account for some of the variation within any sex and age 
class. Initial comparisons with the Rattlesnake mule deer show that the 
Bison Range deer may be larger but this difference is not significant.
All of the antler measurements increase with age but there is 
too much overlap between age classes to allow reliable aging. It appears 
that antler measurements, especially weight, by age class are most 
useful in determining winter and spring physical condition and thereby 
nutrition. This possibility is supported by the literature concerning 
nutritional work on deer that indicates yearlings would be the best age 
class with which to work.
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PART IV: FOOD HABITS
Introduction
The food habits of deer are fairly well known. They have received 
considerable study in the past and continue to be a major part of deer 
research since it is ultimately food that governs carrying capacity. The 
findings from 1 particular area do not necessarily apply to any other 
area, and the food habits of a deer herd can be compared with those of 
other herds only if the limitations are recognized. Foods eaten by the 
same population may change considerably from year to year as well as 
seasonally. The best comparison between areas, seasons, or years appears 
to be with the major forage groups —  browse, forbs, and grasses.
The food habits of any animal are determined by a complex of 
factors. The principle factor in most cases is availability of the 
various potential foods (Leopold 1933, Stegeman 1937, Cowan 1947, Hosley 
1956, Taber and Dasmann 1958, Pengelly 1961, Korschgen 1962, Loveless 
1964, and others). Relative availability, i.e., the availability of 
1 item with respect to all other items, changes with season, weather, 
year, location, plant association, range condition, and other factors. 
With the more preferred species this factor is very important; deer are 
somewhat selective in their feeding habits and take less preferred plants 
only when there is a shortage of preferred forage.
- Probably the second most important factor determining which foods 
are eaten is palatability (the preference of the animal in question for 
certain foods). Many studies have been conducted to determine the food 
preference of mule deer (Nichol 1938, Smith 1950, 1950a, and 1953, Smith 
and Hubbard 1954, Brown I96I, and others). In general, these studies 
have shown that some plants are highly preferred whereas others are
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eaten only as "starvation foods." Some plants are very unpalatable as 
pure diets but may be taken in small amounts in mixed diets (Silver and 
Colovos 1957). Deer may also select certain parts of plants. The factors 
determining palatability are not known but succulence appears to be 
Important (Petrides 1941, Reynolds and Sampson 1943, Sullivan and Garber 
1947, Morrison 1951, Sharp 1958, and others). Due to the animal’s need 
for protein (Brody 1945, Kinarsen 1946, Maynard 1951, Morrison 1951, 
and others), we would expect a correlation between palatability and 
protein content (Mitchell and Hosley 1936, Reynolds and Sampson 1943,
Hagen 1953, Dietz et al. 1958 and 1962, and others). The correlation 
or lack of correlation of other nutrients with palatability has not 
definitely been established. Individuals also show wide variation in 
preference (Leopold 1933, Silver and Colovos 1957, and others). Many 
other factors influence the food habits of any animal population. Some 
of these are known or speculated upon whereas others are not known. It 
seems improbable that we will ever be able to explain fully all factors 
affecting food haoits; this is especially true of the factors affecting 
palatability.
Three general methods —  utilization measurements, feeding obser­
vations, and stomach analysis —  are used to determine deer food habits, 
bach method has its advantages and disadvantages. A combination of all 
3 methods would be most desirable.
The primary advantages of utilization measurements are that the 
work is done on non-mobile plants, measurements are easily taken, the 
noted use is the result of all of the animals in the population, and 
such measurements relate use to range condition. Disadvantages include
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the difficulty of determining which species of animal was responsible 
for the use and the difficulty of detecting use on some shrubs, forbs, 
and grasses. This last disadvantage can lead to important errors when 
an attempt is made to determine the food habits of an animal from utili­
zation measurements alone (Murie 1933.» Dixon 1934, and others).
Feeding observations are of 2 types : 1 involves trailing a 
feeding animal and measuring utilization and the other involves direct 
observation of the feeding animal. Trailing permits one to determine 
the animal responsible for the noted use but it is useable only when 
tracking conditions are excellent, as in fresh snow. Direct feeding 
observation also involves the individual but is limited in usefulness 
because it is time consuming. Also, there is no definite correlation 
between feeding time and amount of forage consumed (Norris 1943) and it 
is often difficult to tell which plant an animal is using when it is 
feeding in a mixed stand of vegetation (Dixon 1934),
Stomach-content analysis, currently the most popular method of 
determining food habits, works directly with the animal. This is advan­
tageous in that the animal responsible for the use is known. Disadvantages 
include the problem of obtaining large samples (the animals must be 
sacrificed), differences in individual preference which mean the small 
sample may not represent the entire herd, and differential digestibility 
and rate of passage of different foods through the rumen. This last 
factor is often overlooked. The more succulent the vegetation the more 
rapidly it is digested (Norris 1943). Other factors also determine the 
rate of passage of different foods. In general, succulent grasses and 
forbs are more rapidly digested than are shrubs. This would result in
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an under-representation of grasses and forbs in stomach samples of 
herbivores.
On a yearly basis, deer are primarily browsers. If the year is 
broken down into seasons or months definite patterns of forage use are 
apparent,. In general, deer take herbaceous vegetation as long as it 
remains succulent and gradually switch to shrubs in late summer as 
the herbs mature and die. In the northern Rocky Mountain study area, 
spring diets are usually composed of more grasses and forbs than are 
fall and winter diets., which are primarily browse.
Methods
Stomach analysis was chosen as the method for determining the 
food habits of the Bison Range mule deer. This choice was made because 
deer were being collected for other phases of the study and rumen samples 
were readily available. Approximately 1 quart of rumen contents from 
the fresh-killed deer was placed in a 2-quart jar and covered with a 
10 percent formalin solution.
A reference plant collection from the Bison Range was made. This 
collection was preserved in 10 percent formalin and was used to aid in 
identifying the items found in each rumen sample. Appropriate plant 
keys (Booth 1950, Davis 1952, Booth and Wright 1959, and Morris et al. 
1962) were used to classify the plant samples and to aid in identifying 
plant fragments in the rumen.
The laboratory procedure followed by Mr. Greer in the analysis 
of the rumen samples was standardized as follows;
1. From the preserved sample, a 1-quart sample was measured out
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and the remaining material discarded„ In this way all samples were 
standardized by volume before the analysis was begun,
2. The measured 1-quart sample was then washed thoroughly on a 
i;~inch mesh screen (4 squares per inch). Washing was continued until 
no more color or small pieces of vegetation were observed in the "over­
flow” water. Although all samples were originally of equal volume, the 
volume after washing varied considerably depending upon the relative 
amount of coarse and fine particles of vegetation in the sample,
3 . After the samples had been thoroughly washed, the remaining 
large pieces were placed in a tilted pan with some water along 1 side. 
Small amounts of the washed material were then placed in this water and 
the various species or groups of recognisable particles were macroscopi- 
cally segregated into individual piles. Two pairs of tweezers were used 
to manipulate the small pieces of vegetation. The unidentifiable material 
was saved for subsequent examination (see 6, below),
4 . Final segregation and identification of material was done 
under a binocular miscroscope. All identifications were made with the 
aid of the reference collection and plant keys (I identified all material)
5 . The material was then measured voijmetrically by submerging 
it in a graduated cylinder containing water.
6. No attempt was made to separate each sample completely, so 
there was always a residue of small pieces of vegetation. A sub-sample 
of this residue was placed under a binocular scope and separated. The 
relative abundance of eacn species was then estimated and the entire 
sample measured volumetrically By multiplying the total volume of the 
residue by the percent composition, the estimated volume of each species
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was obtained. This was then added to the other volume for that species 
and the total volume, by species, resulted.
An attempt was made to separate and identify all browse species. 
Forbs were identified uo species only if that species was of major 
importance in that particular sample. Forbs of lesser importance were 
grouped as miscellaneous forbs. No attempt was made to determine the 
species of grass.
All averages, either the average of individual samples to determine 
monthly values or the average of months to determine yearly values, were 
computed by the aggregate percentage method (Martin et al. I94 6}. The 
percentages for each individual sample were derived by dividing total 
washed volume into the volume of the item in question..
Results
The results of the analysis of 48 rumen samples are shown in 
Table 59> summarized in Table 24, and presented graphically in Fig. 18.
The yearly diet consists of 13 percent conifers, 37 percent shrubs, 29 
percent forbs, and 21 percent grasses. Shrubs are the primary summer 
food, conifers the primary late winter food, grass the primary early 
spring food, and forbs the primary late spring and fail food of the 
Bison Range mule deer.
Conifers were important during 4 winter months (January, February, 
March, and December, 1963)- The December 1963 sampxe is from 1 deer and 
is undoubtedly not representative. Or it may be that conditions had 
caused the deer to shift toward heavier use of conifers earlier than in 
the preceding winter when the shift occurred in January. The use of
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Table 24  ̂ Monthly and annual food habits of the Bison Range mule
deer.
Year and Number of Percent by volume
month samples Conifers Shrubs Forbs Grass Mise.
1962
Nov, 10 Tr 14 .3 5 1 .6 3 3 .9 0.2Dec. 5 0.1 2 7 .8 4 3 .4 28.3 0.5
1963
Jan. 4 4 7 .6 17.8 14.3 2 0 .2 0 . 1
Feb. 4 80.0 2 .0 13 .9 4 .2 TrMar. 4 2 1 .0 1 .0 3 7 .7 39 .3 1.1Apr. 3 0.1 3 6 .0 26.7 3 7 .1 “May 3 2 9 .9 5 2 .8 17 .4July 2 0.1 9 3 .6 2 . 6 1.6 2 . 0
Sept. 4 Tr 3 9 .7 2 9 .0 29.2 2 .2
Oct. 2 9 2 .4 6.6 1 .0 —
Nov. 3 Tr 1 .9 7 8 .8 18.0 1.2
Deo. 1 2 1 .4 18.3 52 .6 7 .7 ——
1964
J an. 3 6 1 .0 16 .0 23 .0
Annual 48 13 .2 36.9 28.7 20.6 0.6
conifers was divided nearly equally between ponderosa pine and Douglas- 
fir with a trace of juniper fJuniperus scopulorum) being found (Table 39)- 
These are the only 3 species of conifers found on the Bison Range,
Among the shrubs, chokecherry fPrunus virginiana) was the most 
important and was used most heavily from April through October (Table 
39). We would expect the use of deciduous snrubs to remain high through­
out the fall and winter; however, it is entirely possible, due to the 
limited supply and variety of shrubs on the Bison Range, that most of the 
deciduous shrubs are fully utilized by November.. If this is so it would 
account for the small use of deciduous shrubs between November and March 
(Table 39). Penstemon (Penstemon sp,), an evergreen half-shrub, was
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heavily used in December I962, and January I96U. All 3 of the deer 
collected in January 1964 were from a single herd that was feeding in 
a restricted area where penstemon was abundant, and this sample is 
undoubtedly biased.
Among the forbs, balsamroot (Balsamorhiza sagittate) was most 
important and accounted for nearly one-half of the total use of forbs 
(Table 39)» Significant amounts of forbs were found in all samples 
but the greatest use was noted in the spring and fall. Most of the use 
noted on balsamroot was in the spring on flower heads and in the fall 
on dried leaves and stems. Bull-thistle (Circium sp.) and golden aster 
(Chrysopsis villosa) are also important deer forage on the Bison Range.
Grass use was noted in all months but was highest in March and 
April (Table 24). Considerable use also occurred in November and December 
1962 when there was a fall green-up of grasses. The high use in September 
is also a possible response to a temporary green-up at that time. Al­
though the Bison Range mule deer make the heaviest use of grass when it 
is green, considerable use of cured grass was noted.
In no case was a miscellaneous item of major importance. The 2 
most important miscellaneous items were mushrooms in the July sample 
and horsetail (Epuiseturn sp.) in a September sample (Table 39)« In 
addition, several samples contained balls of deer hair. A few items 
(ticks, ants, flies, and other insects) were undoubtedly ingested along 
with vegetation or were swallowed during grooming.
Discussion
Table 25 compares some of the literature on the yearly food habits 
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Table 2^. A review of some literature on the yearly food habits 
by percent vol'orae of deer.
Percent by volume Species 
of deeri/Source Browse Forbs Grass Mise.
Present study 5 0 , i K 28.7 20.6 0,6 MD
Morris and Schwarts 1957 18.02/ 4 7 .3 3 4 .7 MD
Lovaas 1953 4 1 .9 4 2 ,8 11,9 3 . 1 MD
Wilkins 1957 45 .5 3 9 .8 14 ' 2 MD
South 1957 6 1 .4 3 3 .2 4.6 0.8 MDLeach 1936
Devil’S Garden 55.0 22.8 22.2 MD
Las s en-hJa shoe 76.3 10.4 13 .4 MD
Interstate Deer Herd
Committee 1951 5 3 .8 2 3 .8 22.4 «*■ MD
Brown I96I 77.4 14 ,9 7.7 BT
Taber and Dasmann 1953
Chaparral. 91 4 5 BTShrubland 59 21 20 BT
Burn 84 8 8
2 2.4#/
30.2I/
BT
Korsthgen 1962 61.8 8,1 2.7 WT
Adams 1959 50.4 4-6 13-3 VJT
Hill and Harris 19̂ -3 6 4 .0 20 = 0 12 ,4 3-4 WT
~hJ Designated as MD (rrrale deer), BT (black-tailed deer), and 
WT (white-tailed deer).
&/ Includes 13.2 percent conifers and 36,9 percent shrubs,
2/ Includes 11.6 percent conifers and 6.4 percent shrubs. 
bj Agricultural crops including corn (15,9 percent), wheat (2.5 
percent;, soybeans (1,9 percent), sorgh^jm (1.2 percent), and alfalfa 
(0 , 9 percent).
'kJ Mostly litter (13.7 percent) and acorns (9 >5 percent).
of deer. The Bison Range mule deer have apparently changed their food 
habits since 1951-1952 when Morns and Schwartz (1957) made their collec­
tions, This change toward higner browse consumption is probably a response 
to the improved forage conditions that have resulted from reducing and 
controlling the numbers of animals present on this range. Morris and 
Schwartz (1957) mention the possibility of the high forb use being a 
response to browse scarcity. A shift from forbs to browse following a 
reduction in the herd tends to strengthen this possibility. There has
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also been a decrease in grass use and this may also be a response to 
improved browse conditions. The use of conifers has apparently not 
changed much; however, the species of conifer used has changed. Morris 
and Schwartz (1957) found little use of ponderosa pine whereas I found 
more use of pine than of Douglas-fir (Table 39)- My observations on 
the Bison Range would indicate that ponderosa pine is more palatable 
to the Bison Range deer than is Douglas-fir; more Douglas-fir appears 
to be available and more pine is used by the deer. (Douglas-fir 
availability is my opinion and a range analysis would be necessary to 
confirm it.) There has been a great increase in Douglas-fir reproduc­
tion since the herd control program was initiated but ponderosa pine 
is still high-lined and there is very little reproduction.. This would 
indicate that in 1951-1952 the deer were forced to eat Douglas-fir 
when other food was scarce and that in 1963, when they were forced to 
turn to conifers, there was enough pine available to make up over half 
of the use of conifers.
The annual food habits of the Bison Range mule deer, as determined 
in this study, approximate those reported by Dixon (1934), Dasmann (1949); 
the Interstate Deer Herd Committee (1951), Lassen et al. (1952), Leach 
(1956) for the Devil's Garden herd, and Taber and Dasmann (1958) for 
the shrubland deer. All of the above reports are from California. In 
Montana, Wilkins (1957) and Lovaas (1958) report findings similar to 
those on the Bison Range although the grass use was smaller in their 
studies. Buechner (1952), in Washington, reports grass use similar 
to that on the Bison Range, It appears that the food habits of the 
Bison Range deer are more closely related to those of California deer
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than to those of other deer (Aldous and Smith 1938, de Nio 1938, Cliff 
1939, Cowan 1947, Jtilander 1955, South 1957, Brown 1961, and others).
In particular, my results vary considerably from those reported for 
Utah (Julander 1952, 1953, and 1955). Taber and Dasmann (1958) have 
shown the great difference in food habits that can be expected on 
dif f erent habit at s.
In any food habits work based upon rumen analysis we should keep 
the results of Norris (1943) in mind. He conducted an experiment with 
sheep in which the animals were sacrificed at predetermined intervals 
after feeding. In general he found that succulent grass would pass 
through the stomach in less than 10 hours whereas coarse forage (straw) 
could be found in the stomach up to 4 days after the animal was fed. He 
also found individual differences in digestive capacity. Norris concluded 
that ;
”...stomachs may show large percentages of coarse browse 
which has been eaten over a period of days leading the analyst 
to conclude that browse is the chief article of the diet, while, 
in reality, rapidly digested, succulent forage may have been 
consumed in much larger amounts." (p. 249).
A selected sample of the literature is reviewed, by the month, in 
Table 26. The apparent substitution of forbs for browse is more pro­
nounced in this monthly breakdown than in Table 25. The use of grass 
in February, March, and April has also decreased drastically since 1951- 
1952, perhaps as a result of complete utilization of other available 
food, including conifers, by that time. Likewise, the lighter use of 
grass during late winter in I963 may reflect the improved range conditions 
deer were not forced to eat grass at this time. Another change is noted 
in the use of conifers —  the deer apparently switched to conifers later
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Table 26 . A review of some literature on the monthly food habits 
by percent volume of deer.
Percent by volume
Source Month Browse Forbs Grass Mise.
Present study Jan. 6 3 .55^ 15 .0 21.4 0.1
Morris and Schwartz 1957 7 4.2^/ 24.5 1 .3
Brown 1961 88.7 6.1 5-1
Taber and Dasmann 1958
Chaparral No sample
Shrubland 87.8 1.2 10.2 0.8
Interstate Deer Herd Committee 1951 6 0 .6 15.7 2 3 .7
Present study Feb. 82.0^/ 13 .9 4 . 2 Tr
Morris and Schwartz 1957 3 . 8 10.2 86.0 — _
Brown I96I 77 .3 9 .3 13.4
Taber and Dasmann 1958
A /Chaparral 98.0^ 2.0 — — —
Shrubland 21.0 18.4 56.5 3 . 4
Interstate Deer Herd Committee 1951 55 .9 2.1 42.0
Present study Mar. 22.0^ 37.7 39.3 1.1
Morris and Schwartz 1957 Tr 2.3 97.7
Brown I96I 65 .6 20.2 14.2
Taber and Dasmann 1958
Chaparral 96.5 2.5 1.0
Shrubland 3 .3 5 0 .1 4 6 .6 —
Interstate Deer Herd Committee 1951 40.5 ----------- - 59.5
Present study Apr. 3 6 .1 26.7 3 7 .1
Morris and Schwartz 1957 Tr 16.0 84.0
Brown I96I 68.0 18.5 13.5 ———
Taber and Dasmann 1958
Chaparral 9 9 .2 — 0.8
Shrubland 4 7 .8 4 7 .6 4 . 4
Interstate Deer Herd Committee 1951 14 .4 76.1 9 .5
Present study May 2 9 .9 52.8 17 .4 —  —  —
Morris and Schwartz 1957 17.5 71.2 11.3 —
Brown 1961 51 .9 22.1 26.0 ---
Taber and Dasmann 1958
Chaparral 9 5 .3 4.7
Shrubland 13 .2 86.8
Interstate Deer Herd Committee 1951 4 . 0 9 3 .0 3.0
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Percent by volume
Source Month Brows e Forbs Grass Mise.
Present study June No sample
Morris and Schwartz 1957 21.8 73.2 5 . 0 — '
Brown 1961 67.9 20.8 11.2
Taber and Dasmann 1958
Chaparral 9 0 .0 10.0 ---- --
Shrubland 9 3 .4 6.6 — - - - ———
Interstate Deer Herd Committee 1951 7 9 .0 21.0 Tr -- -
Present study July 93 .7 2.6 1.6 2.0^
Morris and Schwartz 1957 27.5 72.5 Tr
Brown I96I 7 1 .9 21.0 7 . 1
Taber and Dasmann 1958
Chaparral No sample
Shrubland 98.4 1.6
Interstate Deer Herd Committee 1951 3 4 .4 27.4 38.2
Present study Aug. No sample
Morris and Schwartz 1957 60 .0 40.0 ---
Brown I96I 7 9 .6 19 .9 0 .5
Taber and Dasmann 1958
Chaparral 97.2 2.3 0.5
Shrubland 92.3 4 . 0 2 .2 1.5
Interstate Deer Herd Committee 1951 74.6 24.5 0.9 --
Present study Sept. 3 9 .7 2 9 .0 29.2 2.2%/
Morris and Schwartz 1957 No sample
Brown I96I 9 1 .1 7 . 0 1 .9 ———
Taber and Dasmann 1958
Chaparral 88.5 11.5
Shrubland 100.0
Interstate Deer Herd Committee 1951 78.2 6.0 1 5 .8 *” —
Present study Oct. 9 2 .4 6.6 1.0
Morris and Schwartz 1957 7 . 0 9 3 .0 Tr ———
Brown I96I 8 6 .9 10 .4 2.6
Taber and Dasmann 1958
Chaparral 96.5 3 .5 --
Shrubland 82.8 — — 17 .2
Interstate Deer Herd Committee 1951 88.8 4 . 0 7.2 ---
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Table 26. Continued.
Source Month Browse
Percent by volume 
Forbs Grass Mise,
Present study Nov. 1 1 .4 5 7 .9 30.2^ 0 .4
Morris and Schwartz 1957 1 .3 70.5 28.2
Brown I96I No sample
Taber and Dasmann 1958
Chaparral 9 6 .0 — 4 .0 —  — —
Shrubland 9 4 .0 5 ,0 1.0
Interstate Deer Herd Committee 1951 69 .2 5 .6 2 5 .2 — —
Present study Dec. 2 9 .8 45.0 0.4
Morris and Schwartz 1957 1.6 2 4 .2 74.23/ —  —  —
Brown I96I 9 3 .0 5 .2 1.8 — —
Taber and Dasmann 1958
Chaparral 9 5 .0 5 .0
Shrubland 36.8 0.2 6 2 .2 0.6
Interstate Deer Herd Committee 1951 5 6 .2 12.2 3 1 .6
2/ Entirely from Douglas-fir.
^  Includes 80.0 percent conifers and 2.0 percent shrubs. 
Includes 57-7 percent acorns
5/ Includes 21.0 percent conifers and 1.0 percent shrubs.
6/ Mushrooms.
U  Equisetum from 1 of the 4 deer.
^  Grass had greened-up due to mild fall weather and rains.
in the winter of 1963 than they did in 1951-1952. I think this is in 
response to improved forage conditions which result in the period of 
scarcity of shrubs being pushed back to a later date.
Individual variations in food habits must also be kept in mind.
The 10 samples taken in a 9-day period in November 1962 provide an oppor­
tunity to point out this variability (Table 39). The use of shrubs varied 
from 0.1 to 3 6 .9 percent and averaged 14-3 percent. Forb use varied from 
2 7 .1  to 87.5 percent and averaged 51.6 percent. The use of grass varied 
from 0.8 to 71-2 percent and averaged 33-9 percent. These figures show a 
tremendous individual variation in food habits in a short period of time
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on a fairly small area. This problem of individual variation and the 
consequent problem of adequate samples is the major disadvantage of rumen- 
content analysis as a method of determining deer food habits.
By restricting our attention to shrubs, we can see the variation 
that could be expected in a sample of 4 deer. If, by chance, our first 
sample came from 51BR, 52BR, 68BR, and 89BR the shrub use would be 1.8 
percent; likewise, if our second sample came from 34BR, 50BR, 86BR, and 
88BR the shrub use would be 28.1 percent. This indicates that, unless 
large samples are available, food habits comparisons based on rumen- 
content analysis should be made with some reservation.
Summary
The food habits of the Bison Range mule deer were determined from 
the analysis of 48 rumen samples from deer collected throughout the year. 
The samples were collected, preserved in 10 percent formalin, washed 
thoroughly on a ^-inch mesh screen, segregated by species or group, 
identified, and measured volumetrically.
The yearly diet consists of 13 percent conifers, 37 percent shrubs, 
29 percent forbs, and 21 percent grass. The major browse species was 
chokecherry and the major forb was balsamroot. Shrubs are the primary 
summer food, conifers the primary late winter food, grass the primary 
early spring food, and forbs the primary late spring and fall food. These 
results show that the Bison Range mule deer are eating more shrubs than 
they were a decade ago and this is probably due to the improved range 
conditions that have resulted from the herd control program. Even with 
this change there are indications that the shrubs are still too heavily
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used and the deer are forced to use conifers during late winter. The use 
of grass is still higher than in most other areas (excepting California) 
even though it has declined in importance from 35 percent in 1952 to 21 
percent in 1963. The use of succulent vegetation is probably even higher 
than shown by the analysis because it passes through the digestive tract 
more rapidly than coarse material.
The great individual variation in food habits is shown in the 
sample of 10 deer from November 6-14, 1962, in which the use of shrubs 
ranged from 0.1 to 36.9 percent, the use of forbs from 27.1 to 87.5 
percent, and the use of grass from 0.8 to 71.2 percent.
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PART 7: PHYSICAL CONDITION
Introduction
Early attempts at determining physical condition of deer involved 
either subjective estimation of condition or the use of body weight as an 
index (Davenport et al. 1944, Daman and Rasmussen 1944, Stoddart and 
Rasmussen 1945, Leopold et al. 1951, and others). A refinanent of the latter 
method involves correcting weight for skeletal size and, in females, for 
the weight of the reproductive tract (Taber and Dasmann 1958). Hamerstrom 
and Camburn (1950) indicate that the regression constant from the regression 
equation of live weight on hog-dressed weight might be an indicator of 
physical condition because deer in good condition dress out at a slightly 
higher percentage than do deer in poor condition. This method requires 
large samples. Bandy et al. (1956) have derived a condition index based 
upon the ratio of estimated weight from heart girth to estimated weight 
from hindfoot length. This method does not require large samples once the 
standard is established.
Antler development can be used to determine physical condition prior 
to and during the period of antler growth (Park and Day 1942, French et al. 
1956, and Taber 1958). French et al. (1956) show that nutrition has the 
greatest effect upon antler size In yearling deer.
Fat deposition can also be used to determine physical condition in 
animals. The bone marrow technique (Cheaturn 1949) has been widely used 
to determine malnutrition in dead big game animals. A more objective and 
refined method of determining physical condition is the use of a kidney- 
fat index (Riney 1955, and Taber et al. 1959). This method has the advan­
tage of yielding numerical values that make comparison of the condition of 
different animals possible. The method of Bandy et al. (I95 6) also yields
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Methods
The physical condition of the deer collected during this study was 
determined by the kidney-fat-index method. Each kidney was removed with 
the surrounding fat intact. The fat was then trimmed from the kidney by 
cutting perpendicular to its long axis and tangential to each end (Riney 
1955). After trimming, the kidney with surrounding fat was weighed to 
the nearest gram on a torsion balance. The fat was then removed from the 
kidney and the kidney alone was weighed. By subtracting these weights, the 
weight of the fat surrounding the kidney was determined. The kidney-fat 
index was then calculated as follows:
Kidney-fat index = Weight of kidney fat
Weight of kidney
Results
Table 2? shows the results of the kidney fat determination and, 
in the last column, the kidney-fat index for each deer. An average for 
males and females is given but we should remember that females were 
collected in the winter and spring when they were pregnant and males were 
collected primarily in the summer and fall. Therefore, these averages 
do not represent yearly averages but only the average for the deer collected.
The sample is too small to permit any definite conclusions. It 
appears that males are at the peak of condition in September-October, 
decline rapidly during the rut (November-early December), maintain a low 
condition index throughout the winter, and then (June-July) begin to 
gain rapidly and reach peak condition again in September-October. The 
data for females are more difficult to interpret. It appears that females 
are at their seasonal peak in December-January, decline during pregnancy
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Table 27. Kidney and kidney fat weights and kidney-fat index for 
the Bison Range mnle deer, 1963-
Weight of
kidneysl/ Weight of Weight of
Collection Age with fat kidneysl/ fat Kidney-fat
number Date (years) (grams) (grams ) (grams) indej^/
A. MALES
2777 Mar. 21 è 93 86 7 8.12782 Apr. 30 1 140 134 6 4 .5
2787 July 29 3 525 313 212 67.72788 July 31 3 473 243 230 9 4 .62800 Sept. 4 2è 402 179 223 124 .62803 Sept. 13 ± i 340 203 137 67.5
2804 Oct. 17 1$ 335 170 165 97.12805 Oct, 17 1Î 439 215 224 104.22790 Nov. 4 4é 438 208 230 110.6
2791 Nov. 4 lî 255 167 88 5 2 .72792 Nov. 19 2* 225 171 54 31.6
2793 Dec. 27 2* 218 167 51 30.5
2795 Jan. 3 1$ 183 160 23 1 4 .42796 Jan. 3 1# 203 183 20 10 .9
Average 305 186 119 6 4 .0
B. FEMALES
2767 Jan. 17 lo i 184 165 19 11.5
2768 Jan. 17 2Î 184 147 37 2 5 .2
2769 J an. 17 24 285 127 158 124 .4
2770 J an. 17 54 369 158 211 133.5
2771 Feb. lA 34 184 152 32 21.0
2772 Feb. 14 24 201 156 45 28.8
2773 Feb. 14 4 105 99 6 6.1
2774 Feb. 14 24 157 146 11 7 .52776 Mar. 21 14 169 130 39 3 0 .02778 Mar. 22 44 234 209 25 12.0
2779 Mar. 22 4 98 88 10 1 1 .42781 Apr. 23 10 308 280 28 10.0
2783 Apr. 30 1 170 162 8 4.9
2784 May 14 3 284 204 80 33.3
2785 May 16 5 305 246 59 24.0
2786 May 18 3 261 209 52 24.9
2801 Sept. 4 24 203 186 17 9 .1
2802 Sept. 4 14 231 181 50 27.6
Average 218 169 49 29.0
-̂ / OUUi U-L L/a * .1.̂11. W CLLA.^ I
2/ Weight of fat/weight of kidneys
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until April, improve slightly in May, maintain their condition through 
the sunmier, and begin a gradual improvement in condition between the end 
of nursing and the next, pregnancy.
Yearlings apparently do not attain kidney-fat indexes as high as 
adults. This would be expected since they are actively growing and 
growth takes precedence over other body functions (French et al. 1956).
Discussion
Since an animal does not begin using its fat reserves until they 
are needed (Brody 1945), we would expect the kidney-fat index to lag 
behind the actual period of nutritional stress. This is seen in the high 
index of males in early November although the rut began several weeks 
earlier and actual breeding may occur as early as November 5 (Fig. 4). 
Females probably do not reach their peak of condition until about 2 months 
after becoming pregnant.
Initial comparison with the mule deer on the Rattlesnake, as 
reported by Taber et al. (1959), indicate that the seasonal cycle of 
condition is similar' for these deer. Sample sizes are small on both 
areas and very few samples could be matched by sex, age, and time of 
collection. Also, the collections were conducted in different years 
and climatic factors cannot be excluded. Chi-square tests were run on 
samples that could be matched closely and no major differences were 
found in the kidney-fat indexes.
The similarity in condition between the Bison Range and Rattle­
snake mule deer would indicate that these herds are on similar nutri­
tional planes. The Rattlesnake winter range is overused (Klebenow I96 2).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-103-
The shrubs on the Bison Range are also very heavily used but forbs and 
grasses are abundant. Also, snow seldom accumulates on the Bison Range 
•whereas in some years the Rattlesnake winter range is completely covered 
with snow (Klebenow I962). I feel that the nutrition of the Bison Range 
mule deer is less variable than, but not necessarily as good as, that of 
the Rattlesnake deer. It would seem that the Bison Range deer are on a 
higher nutritional plane in the -winter and spring but on a lower plane in 
the summer and fall than are the Rattlesnake deer. If this were the 
case it would explain the excellent antler development of the Bison Range 
deer and the high productivity noted for yearling females.
Comparison of the kidney-fat indexes of the Bison Range mule deer 
with red deer (Cervus eleph'us) from New Zealand (Riney 1955) indicates 
that the red deer males reach a higher level of physical condition than 
do the mule deer males. Riney (1955) reports a maximum index of 300 for 
red deer males and the maxim-'jm index for mule deer males in this study 
was 125" However, no adult male mule deer were collected during the 
time when it was presumed that they would reach the peak of their condition. 
Even so, it seems doubtful if an index as high as 300 would be found for 
the Bison Range bucks. The maximum index for female mule deer (134) was 
higher than the maximum of 119 for female red deer (Riney 1955). From 
these data and the fact that females are nursing or carrying young most 
of the year it seems advisable, when comparing the physical condition of 
different populations, to make comparisons of males only. Because the 
productivity of females varies with their nutritional status, it is 
probabUe that females on good range may not be in any better condition 
than those on poor range since they would have more young and therefore
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be subjected to a greater nutritional drain (Taber 1957)- Therefore, the 
physical condition of females is not as good as indicator of nutrition as 
that of males.
The Bison Range mule deer exhibit very good antler development, 
and yearlings have especially large antlers. This supports the contention 
that these deer are on good range (French et al. 1956, and Taber 1958) 
for at least part of the year (winter and spring).
Summary
The kidney-fat index (weight of perinephric fat/weight of kidney) 
was used to determine the physical condition of the Bison Range mule deer. 
The samples are very small and do not represent all months of the year, 
and any conclusions must be tentative. Males apparently reach their peak 
of physical condition just prior to the rut, then decline rapidly and 
begin to build back up in late spring and early summer. Females exhibit 
less marked fluctuations and are generally at a low level of condition 
except for the few months between fawn weaning and the onset of winter 
and another pregnancy. There is a slight increase in condition of 
females about 1 month before parturition. Yearlings show lower indexes 
than adults because they are actively growing.
There is probably a slight lag in kidney-fat indexes as compared 
to nutritional level, since the animal must be under a nutritional deficit 
before the fat reserves are used.
Comparisons of limited samples indicate that the cycle of condition 
is similar for the Rattlesnake and Bison Range mule deer even though the 
Rattlesnake deer are on a brush range and are semi-migratory as opposed
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to the Bison Range deer which are on a grassland range (with some brush) 
and are non-migratory. The similar physical condition on these ranges 
may be the result of overpopulation on the Rattlesnake area, less snow 
accumulation on the Bison Range, or smaller seasonal fluctuations in the 
nutritional plane on the Bison Range.
Red deer males in New Zealand apparently reach better condition 
than do the Bison Range bucks. Females do not exhibit this difference.
I therefore suggest that comparisons of physical condition of different 
populations of animals be limited to data from males.
The development of antlers by Bison Range mule deer supports the 
evidence that these deer are on a fairly high nutritional plane for at 
least part of the year.
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PART VI: GENERAL
Abstract
A study of the mule deer (Odocoileus hemionus hemlonus) on the 
Rational Bison Range, Moiese, Montana, was conducted from November I962 
to January 1$64 primarily to describe the population dynamics of this well 
harvested herd. Data were also obtained on skeletal size, food habits, 
and physical condition. The vegetation on the area consists of a mixture 
of Douglas-fir (Pseudotsuga menziesii)-ponderosa pine (Pinus ponderosa) 
forests and Palouse Prairie grassland. The numbers of all large herbi­
vores on the Range have been controlled for the past decade by an annual 
reduction program. This has resulted in a decline in herd size and a 
steady improvement in range condition.
Mule deer productivity increases rapidly in early life, levels 
off between 3 and 8 years of age, and declines gradually during old age. 
Corpora lutea counts yielded ratios of 144:100 for yearling does, 192:
100 for mature does, and 176:100 for all does. Large Graafian follicles 
were found in the ovaries of does in late pregnancy. Fetal counts 
yielded ratios for pregnant does of 137:100 for yearling does, 174:100 
for mature does, and 162:100 for all does. Ninety percent of all does 
were pregnant for l46 fetuses;100 does in the herd. An 8 percent loss 
of ova was indicated but less than 2 percent of the fetuses were atrophic. 
Twin fetuses were found in 37 percent of the yearling does, 67 percent of 
the mature does, and 57 percent of all does, A ratio of 143 fawns :100 
does with 54 percent of the does having twins was found when the fawms 
were between 1 and 3 months of age, indicating negligible early fawn loss 
Yearling:adult ratios were 55:100 for all deer, 58:100 for males, and 
50:100 for females. The turn-over rate was 55 percent, allowing a
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removal of 35 percent of the fall herd. These productivity data indicate 
a highly productive herd, especially when one-third of all producing does 
are yearlings.
Sex ratios were 99 males:100 females for fetuses, 90:100 for 
yearlings, and 82:100 for adults. These ratios indicate heavier mortal­
ity of males, and the yearling:ad\ilt ratios indicate a more rapid turn­
over in males.
Age ratios (old/young X lOO) are an expression of age distribution 
and can be used to determine past harvest intensity and thereby future 
management. (Old animals are 3-U years old or older and young animals 
are 1-3 years old.) Age ratios for females are more important since 
deer are polygamous. The age ratios for the Bison Range deer are 57 
for males and 82 for females. It is suggested that age ratios of 10 
for males and 65 -70 for females be tentatively accepted as the optimum 
ratios for mule deer.
All of the recorded breeding dates fall between November 5 and 
December 7> with 50 percent taking place in a 9-d.ay period. Fawns are 
born during the last week of May and most of June with the peak occurring 
during the first week of June. Early summer fawn loss is very small but 
winter losses account for about 20 percent of the fawn crop (30 percent 
of male fawns and 10 percent of female fawns).
A sex-specific life table reveals a high mortality in adults (due 
primarily to the annual removal) with about 45 percent of the adult herd 
being removed annually. Fawns are not removed during the annual reduction. 
Life expectation at birth was 2.27 years for males and 2.64 years for 
females, reflecting the higher mortality rate for males. The survivorship
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curve for females is steeper than the optimum which indicates, as the 
slow decline in herd size confirms, that the female mule deer on the 
Bison Range are slightly over-harvested. An inverse relationship exists 
between hunting pressure and survivorship and between fawn production 
and female survivorship.
Skeletal size is a function of age, sex, nutrition, genetics, and 
other factors. Skeletal measurements taken were: hindfoot length, 
cannon-bone length, total length, and jaw length. Antler measurements 
taken were: greatest spread, greatest length, number of points, beam
diameter, and weight. Fawns can be separated from other deer by all 
skeletal measurements and yearlings from adults, with 80-90 percent 
accuracy, by jaw length. Age cannot be determined by any skeletal 
measurement in deer over 2^ years old. Sex differences in size begin 
to show in yearlings, and deer years old or older can be sexed by 
any of the skeletal measurements. Females reach adult size sooner 
than males. All antler measurements increase with age but too much 
overlap exists to allow reliable age determination. Antler size is 
apparently affected more by nutrition than by age and therefore would 
be a better condition index than an aging method. Antler weight appears 
to be the best index of antler size- The Bison Range deer have larger 
than average antlers.
Food habits were determined from 48 rumen samples collected 
throughout the year. Ttie yearly diet consists of 13 percent conifers,
37 percent shrubs, 29 percent forbs, and 21 percent grass. The major 
browse species was chokecherry (Prunus virginiana) and the major forb 
was balsamroot (Balsamorhiza sagittata). Shrubs are the primary summer
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food, conifers the primary late winter food, grass the primary early 
spring food, and forbs the primary late spring and fall food. The 
use of shrubs has increased in the past decade and the probable cause 
is improved range conditions due to herd reduction. Grass use is still 
higher than in most other areas even though it has declined from 35 
percent in 1952 to 21 percent in 1963. The great individual variation 
in food habits was shown in a sample of 10 rumens from a 9-day period 
in which use ranged from 0.1 to 36.9 percent for shrubs, 27.1 to 87.5 
percent for forbs, and 0.8 to 71.2 percent for grass.
Physical condition was determined by the kidney-fat index (weight 
of perinephric fat/weight of kidney). Males apparently reach peak condi­
tion just prior to the rut, decline rapidly during the rut, remain low 
during winter, and begin to improve in late spring and summer. Females 
show milder fluctuations and are at a low level of condition except for 
a few months between fawn weaning and the onset of winter and another 
pregnancy. Yearlings show lower indexes than adults.
Recommendations
My first recommendation is that the Bison Range mule deer be 
maintained at a winter population of 175-200 head. Although some 
indicators point to a well nourished herd, others point in the opposite 
direction. Therefore, it would not be advisable to increase the size 
of the herd.
Additional studies of the Bison Range mule deer are needed. First, 
a detailed analysis of range condition and trend and browse availability 
and utilization would be advisable. I suspect, from the food habits
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
- 1 1 0 -
data and general obserrations^ that the available browse on the Bison 
Range is still overused. Range use could probably be correlated with 
accessibility (in accordance with the proposed differential harvesting 
of sub-herds due to differential accessibility). In view of the finding 
by Taber and Dasmann (1953) of seasonal shifts in areas used by non- 
migratory deer, it would also be advisable to investigate seasonal range 
use of the Bison Range mule deer.
The continuation of some aspects of the current study is recom­
mended, The accuracy of aging by Bison Range personnel needs more inves­
tigation since the population dynamics were determined by correcting 
their aging. This would be easily accomplished by saving the jaws from 
the annual reductions. In addition, data on skeletal size could be 
greatly increased during the annual reduction. It would also be possible 
to check 2 methods of determining physical condition (the kidney-fat 
index vs. the method of Bandy et al, 1956) against each other. This work 
had been planned for the 1963 reduction but no mule deer were removed.
The various indirect indexes of nutritional adequacy give conflicting 
results. On the basis of reproduction in yearling females and antler 
development- we would expect a relatively high plane of nutrition, but low 
kidney-fat indexes and high winter loss of fawns indicate inadequate 
nutrition. More data on antler development could be gathered during the 
annual reductions By delaying the removal of females until January, 
when they are in the best physical condition, it would be possible to 
substantially augment the data on productivity. With this larger sample 
the hypothesis of improved productivity due to herd control could be 
checked. More data are also needed on fawn mortality.
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Chemical analysis of washed riraien samples from the deer collected 
diaring my study may also be useful in answering some questions concerning 
the nutrition of the Bison Range mule deer. This analysis is planned for 
the summer of I9 6 4-
Another possible study would involve concurrent collections on 
the Bison Range and Rattlesnake area to provide comparable information 
on physical condition and skeletal size of these herds. I think that 
such collections should be limited to bucks since it is easier to estimate 
the approximate age of bucks than of does. This would greatly increase 
the possibility of matching samples, by age, on the 2 areas.
The use of age ratios in determining harvest intensity and thereby 
future management needs further investigation. Probably the best approach 
would be an intensive study of checking station data from areas known 
to differ in harvest intensity. The expansion of this method to game 
animals other than ungulates should also be attempted.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
REFERENCES CITED
Adams, ¥. H., Jr. 1959- Choccolocco deer range analysis and management 
Implicationso Annual Conf. Southeastern Assoc. Game and Fish 
Commissioners 13:21-34.
Aldous, S. E., and C. F. Smith. 1938. Food habits of Minnesota deer as 
determined by stomach analysis. Trans. N. Am. Wildl. Conf. 
3:756-767.
Andersen, J. 1953- Analysis of a Danish roe-deer population (Capreolus 
capreolus (L.)) based upon the extermination of the total stock. 
Danish Rev. Game Biol. 2:127-155 -
Anderson, A. E., L. G. Frary, and R. H. Stewart. I964. A comparison of 
three morphological attributes of mule deer from the Guadalupe and 
Sacramento Mountains, New Mexico. J. Mammal. 45:48-53 -
Bailey, E. D. I96O. Behavior of the Rattlesnake mule deer on their
winter range. M.S. Thesis, Mont. State Univ., Missoula. 110pp.
Banasiak, G. F. I96I. Deer in Maine. Dept. Inland Fisheries and Game, 
Game Div. Bull. No. 6. 159pp«
Bandy, P. J., I. McT. Cowan, W. D, Kitts, and A. J. Wood. 1956. A 
method for the assessment of the nutritional status of wild 
ungulates. Can. J, Zool. 34:48-52.
Barnes, R. D., and W. M. Longhurst. I96O. Techniques for dental impres­
sions, restraining and embedding markers in live-trapped deer.
J. Wildl. Mgmt. 24:224-226.
Bergerud, A. T-. 1964. Relationship of mandible length to sex in
Newfoundland caribou. J. Wildl. Mgmt. 28:54-56.
Bischoff, A. I. 1958. Productivity in some California deer herds.
Calif. Fish and Game 44:253-259-
Booth, W. E. 1950. Flora of Montana: Part I: Conifers and monocots.
The Research Foundation at Mont. State Coll., Bozeman. 232pp.
_, and J. C. Wright. 1959- Flora of Montana: Part II: Dicotyledons
Dept, of Botan. and Bacteriol., Mont. State Coll., Bozeman. 280pp.
Brody, S. 1945- Bioenergetics and growth. Reinhold Publishing Corp.,
New York. 1023pp*
Brown, E. R. I96I. The black-tailed deer of western Washington. Wash.
State Game Dept., Biol. Bull. No. 13- 124pp-
Buechner, H. K. 1952. Winter-range utilization by elk and mule deer in
southeastern Washington, J. Range Mgmt. 5:76-80.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-113-
Cahalane, V, H. 1932. Age variations in the teeth and skull of the white­
tailed deer. Cranbrook Inst. Sci. Publ. 2. 14pp.
Chattin, J. E. 1948. Breeding season and productivity in the interstate 
deer herd, Calif, Fish and Game 34:25-31-
Cheatum, E, L, 1949- Bone marrow as an index of malnutrition in deer.
N. T. State Conserv. 3(5):19-22.
______. 1949a. The use of corpora lutea for determining ovulation
incidence and variations in the fertility of white-tailed deer. 
Cornell Vet. 39:282-291.
______3 and G. H. Morton. 1942. Techniques used in determining the
period of the rut among white-tailed deer of New York State.
Trans. N. Am. Wildl. Conf. 7=334-342.
______, and ______ . 1946. Breeding season of white-tailed deer in New
York. J. Wild!, Mgmt. 10:249-263.
______, and C. ¥. Severinghaus. 1950. Variations in fertility of white­
tailed deer related to range conditions, Trans. N. Am. Wildl.
Conf. 15:170-189.
Cliff) E. P. 1939. Relationship between elk and mule deer in the Blue 
Mountains of Oregon. Trans. N. Am. Wildl. Conf. 4=560-569.
Cowan, I. McT. 1936. Distribution and variation in deer (Genus Odocoileus)
of the Pacific Coastal region of North America. Calif. Fish and 
Game 22:155-246,
______. 1947. Range competition between mule deer, bighorn sheep, and
elk in Jasper Park, Alberta. Trans. N. Am. Wildl. Conf. 12:
22 3 -2 27.
______. 1950. Some vital statistics of big game on overstocked mountain
range Trans, N. Am. Wildl. Conf. 15=581-588.
______. 1956. Life and times of the Coast black-tailed deer. pp. 523-
6I8 . In Taylor, W. P. (ed.). The deer of North America, The 
Stackpole Co., Harrisburg, Penn., and The Wildlife Management 
Institute, Washington, D, C. 668pp.
______, and A. J. Wood. 1955. The growth rate of the black-tailed deer
(Odocoileus hemionus columbianus). J. Wildl. Mgmt, 19=331-336.
Cowan, R, L., and T. A. Long. I962. Studies on antler growth and nutrition 
of white-tailed deer. Proc. Natl, White-tailed Deer Disease Symp. 
1:54-60.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-114-
Dasmann, R. F.  ̂ and R. D. Taber. 1956. Determining structure in 
Columbian black-tailed deer populations. J. Wildl, Mgmt.
20:78-83.
Dasmann, W. P. 1949* Deer-livestock forage studies on the interstate 
winter deer range in California, J. Range Mgmt. 2:206-212,
Davenport J L. A., W. Shapton, and W, C. Gower. 1944. A study of the 
carrying capacity of deer yards as determined by browse plots. 
Trans. N. Am. Wildl. Conf. 9“144-149•
Davis, R. J. 1952. Flora of Idaho. Wm. C. Brown Co., Dubuque, Iowa.
828pp.
de Nio, R. M, 1938. Elk and deer foods and feeding habits, Trans.
N. Am. Wildl. Conf. 3:421-427.
Dietz, D. R., R, H. Udall, H. R, Shepherd, and L. E. Yeager. 1958. 
Seasonal progression in chemical content of five key browse 
species in Colorado. Proc. Soc. Am. Foresters:117-122.
______, ______, and L. E. Yeager. 1962. Chemical composition and
digestibility by mule deer of selected forage species. Cache La 
Poudre Range, Colorado, Colo. Game and Fish Dept, Tech, Bull.
14. 89pp.
Dixon, J. S. 1934. A study of the life history and food habits of
mule deer in California. Calif. Fish and Game 20:181-282 and
315-354.
Doman, E. R., and D. I. Rasmussen, 1944. Supplemental winter feeding 
of mule deer in northern Utah. J. Wildl. Mgmt. 8:317-338.
Edwards, 0. T. 1942. Survey of winter deer range, Malheur National 
Forest, Oregon. J, Wildl, Mgmt. 6:210-220,
Einarsen, A, S, 1946. Management of black-tailed deer, J. Wildl.
Mgmt. 10:54-59*
Flyger, V. F . 1958. Tooth impressions as an aid in the determination
of age in deer. J. Wildl. Mgmt, 22:442-443.
French, C. E., L. C. McEwen, N. D. Magruder, R. H, Ingram, and R. W. Swift 
1956, Nutrient requirements for growth and antler development in 
the white-tailed deer. J. Wildl. Mgmt. 20:221-232.
Gill, J. 1956. Regional differences in size and productivity of deer in 
West Virginia. J. Wildl. Mgmt. 20:286-292.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
■115-
Golley, F. B. 1957. An appraisal of ovarian analyses in determining 
reproductive performance of black-tailed deer. J. Wildl. Mgmt. 
21:62-65.
Gunvalson, V, E.^ A. B. Erickson, and D. W. Burcalow. 1952. Hunting 
season statistics as an index to range condition and deer popu­
lation fluctuations in Minnesota. J. Wildl. Mgmt. 16:121-131,
Hagen, H, L. 1953. Nutritive value for deer of some forage plants in 
the Sierra Nevada. Calif. Fish and Game 39:163-175*
Halazon, G. C., and H . K, Buechner. 1956. Postconception ovulation in 
elk. Trans. N, Am. Wildl. Conf. 21:545-554*
Hamerstrom, F. N., Jr., and L. F . Camburn. 1950, Weight relationships 
in the George Reserve deer herd. J . Mammal. 31:5-17.
Hill, R., and D. Harris. 1943* Food preference of Black Hills deer.
J. Wildl. Mgmt. 7:233-235.
Hosley, N . W. 1956. Management of the white-tailed deer in its environ­
ment. pp. 187-259* In Taylor, W. P. (ed.). The deer of North 
America, The Stackpole Co., Harrisburg, Penn., and The Wildlife 
Management Institute, Washington, D. 0. 668pp*
Hudson, P. 1956. The morphology of the embryonic and fetal development 
of the Rocky Mountain mule deer. M.S. Thesis, Mont, State Univ., 
Missoula. 6lpp.
______. 1959. Fetal recoveries in mule deer. J. Wildl. Mgmt. 23:234-235
______, and L. G. Browman. 1959* Embryonic and fetal development of the
mule deer, J. Wildl. Mgmt. 23:295-304.
Hunter, G, N. 1947* Physical characteristics of Colorado mule deer in 
relation to their age class. Colo. Game and Fish Dept., Denver* 
38pp.
Interstate Deer Herd Committee. 1951* The Devil’s Garden deer herd. 
Calif. Fish and Game 37:233-272.
Jensen, W., and W. L, Robinette. 1955. A high reproductive rate for 
Rocky Mountain mule deer (Odocoileus h. hemionus). J. Wildl.
Mgmt. 19:503*
Johnson, F . W. 1937. Deer weights and antler measurements in relation 
to population density and hunting effort. Trans, N. Am. Wildl. 
Conf. 2:446-457*
1939. Deer kill records —  A guide to management of deer 
hunting. Calif. Fish and Game 25:96-165*
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-116-
Jones, F. L. 1954. Ageing the Inyo mule deer. Proc. Annual Conf. Western 
Assoc. State Game and Fish Commissioners 33:209-219.
Julander, 0. 1952. Forage habits of mule deer during the late fall as
measured by stomach content analyses. Res. Note No. 2. Inter­
mountain Forest and Range Expt. Sta., Ogden, Utah. 5pp. Mimeo.
______. 1953. Deer and livestock competition in Utah. Proc. Annual
Conf. Western Assoc. State Game and Fish Commissioners 32:79-85.
______ . 1955. Deer and cattle range relations. Forest Sci. 1:130-139.
______, and W. L. Robinette. 1950. Deer and cattle range relationships
on Oak Creek range in Utah. J. Forestry 48:410-415.
and D. A. Jones. I96I. Relation of summer range condi­
tion to mule deer productivity. J. Wildl. Mgmt. 25:54-60.
Klebenow, D. A. I96 2. Ecology and productivity of a montane forest 
winter deer range, western Montana. M.S. Thesis, Mont. State 
Univ., Missoula. 93pp.
Korschgen, L. J. I96 2. Foods of Missouri deer, with some management 
implications. J. Wildl. Mgmt. 26:164-172.
Krefting, L. W., and A. B. Erickson. 1956. Results of special deer 
hunts on the Mud Lake National Wildlife Refuge, Minnesota.
J. Wildl. Mgmt. 20:297-302.
______, ______ , and V. E. Gunvalson. 1955. Results of controlled deer
hunts on the Tamarac National Wildlife Refuge. J. Wildl. Mgmt. 
19:346-352.
Lassen, R. W., C. M. Ferrel, and H. Leach. 1952. Food habits, produc­
tivity and condition of the Doyle mule deer herd. Calif. Fish 
and Game 38:211-224.
Leach, H. R. 1956. Food habits of the Great Basin deer herds of 
California. Calif. Fish and Game 42:243-308.
Leopold A. 1933. Game management. Charles Scribner's Sons, New 
York. 481pp.
Leopold, A. S., T. Riney, R. McCain, and L. Tevis, Jr. 1951. The 
Jawbone deer herd. Calif. Div. Fish and Game, Game Bull. 4.
139pp.
Longhurst, W. M. 1950. Productivity in California deer herds as
influenced by range condition and hunting pressure. Proc. Annual 
Conf. Western Assoc. State Game and Fish Commissioners 30:135-140.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-1 1 7 -
Longhurst, W. M., A. S. Leopold, and R. F. Dasmann, 1952. A survey of 
California deer herds, their ranges and management problems.
Calif. Dept. Fish and Game, Game Bull, No, 6. 136pp.
Lord, R. D. 1962. Aging deer and determination of their nutritional 
status by the lens technique. Proc. Natl, White-tailed Deer 
Disease Symp. 1:89-93°
Lovaas, A. L. 1958. Mule deer food habits and range use. Little Belt 
Mountains, Montana. J, Wildl. Mgmt. 22:275-283.
Loveless, C. M. 1964. Some relationships between wintering mule deer 
and the physical environment. Trans. N. Am. Wildl. Conf. 29: 
in press.
Low, ¥. A., and I. McT. Cowan. 1963. Age determination of deer by
annular structure of dental cementum. J. Wildl. Mgmt. 27:466-471.
McConnell, B, R., and P. D. Dalke. I960. The Cassia deer herd of 
southern Idaho. J. Wildl. Mgmt. 24:265-271.
McDowell, R. D. 1959. Relationship of maternal age to prenatal sex 
ratio in white-tailed deer. Northeastern Sect. Wildl. Soc.,
Apr. 20-22, 1959. 6pp. Mimeo. (In Wildl. Rev. 95:66.)
______. i960. Relationship of maternal age to prenatal sex ratio in
white-tailed deer (Report II). Northeastern Sect, Wildl. Soc.,
Jan. 10-13, i960. 4pp. Mimeo. (in Wildl. Rev. 95:66.)
McEwen, L. C., C. E. French, N, D. Magruder, R. W. Swift, and R. H, Ingram, 
1957. Nutrient requirements of the white-tailed deer. Trans.
N. Am. Wildl. Conf. 22:119-130,
McLean, D. D. 1936. The replacement of teeth in deer as a means of 
age determination. Calif. Fish and Game 22:43-44.
Magruder, N. D., C. E. French, L. C. McEwen, and R. W. Swift. 1957. 
Nutritional requirements of white-tailed deer for growth and 
antler development II. Penn. Agr, Expt. Sta. Bull. 628. 21pp.
Maguire, H. F ., and C. W, Severinghaus. 1954° Wariness as an influence 
on age composition of white-tailed deer killed by hunters. N. Y. 
Fish and Game J. 1:98-109*
Martin, A, C. R. H. Gensch, and C. P. Brown. 1946. Alternate methods 
in upland gamebird food analysis, J. Wildl, Mgmt 10:8-12,
Maynard, L. A. 1951. Animal nutrition. McGraw-Hill Book Co., Inc.,
New York. 474pp.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-1 1 8 -
Mitchell, H. L., and N. W. Hosley. 1936. Differential browsing by 
deer on plots variously fertilized. Black Rock Forest Papers 
1(5):24-27.
Moreland, R. 1953. A technique for determining age in black-tailed 
deer. Proc. Annual Conf. Western Assoc. State Game and Fish 
Commissioners 32:214-219.
Morris, M. S., and J . E. Schwartz. 1957. Mule deer and elk food habits 
on the National Bison Range. J. Wildl. Mgmt. 21:189-193.
______, J. E. Schmautz, and P. F. Stickney. I962. Winter field key to
the native shrubs of Montana. Mont. Forest and Conserv. Expt.
Sta., Mont. State Univ., Missoula, and Intermountain Forest and 
Range Expt. Sta., U. S. Forest Service, Missoula, Montana. 70pp.
Morrison, F. B. 1951. Feeds and feeding. The Morrison Publishing Co., 
Ithaca, New York. 1207pp.
Morrison, J. A. I96O. Ovarian characteristics in elk of known breeding 
history. J. Wildl. Mgmt. 24:297-307.
Morton, G. H., and E. L. Cheatum. 1946. Regional differences in breeding 
potential of white-tailed deer in New York, J. Wildl. Mgmt. 
10:242-248.
Murie, A. 1944. The wolves of Mount McKinley. U. S. D. I. Fauna Ser.
No. 5, Govt. Printing Office, Washington, D. C. 238pp.
Murie, 0. J. 1933. Some observations in big game studies. Utah Agr. 
Expt. Sta. and Extension Serv. Misc. Publ. 10:34-38.
______. 1951. The elk of North America. The Stackpole Co., Harrisburg,
Penn., and The Wildlife Management Institute, Washington, D. C. 
376pp.
Nellis, C. H ., and R. D, Taber. I964. Age-structure of ungulate kill
in relation to harvest intensity in western Montana. Proc, Mont. 
Acad, Sci. 24:in press.
Nichol, A. A. 1938. Experimental feeding of deer. Univ. Ariz, Tech, 
Bull. 7 5. 39pp.
Norris, J. J . 1943. Botanical analyses of stomach contents as a method
of determining forage consumption of range sheep. Ecology 24: 
244—251.
Palmer, R. S. 1951. The white-tail deer of Tomhegan Camps, Maine, with 
added notes on fecundity. J. Mammal. 32:267-280.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
“X19“
Park, B, Co 1938. Deer weights and measurements on the Allegheny 
National Forest. Trans. N. Am. Wildl. Conf. 3:261-279.
 and Besse B. Day. 1942. A simplified method for determining
the condition of white-tailed deer herds in relation to available 
forage. Ü. S. Dept. Agr. Tech. Bull. No. 840. 60pp.
Pengelly, W. L. 1961. Factors influencing production of white-tailed 
deer on the Coeur d'Alene National Forest, Idaho. U. S. Forest 
Service, Northern Region, Missoula, Montana. 190pp.
Petrides, G. A. 1941. Observations on the relative importance of winter 
deer browse species in central New York. J. Wildl. Mgmt. 5:416-422.
Reynolds, H. G., and A. W. Sampson. 1943. Chaparral crown sprouts as 
browse for deer. J. Wildl. Mgmt. 7:119-122.
Riney, T, A. 1955. Evaluating condition of free-ranging red deer (Cervus 
elephus), with special reference to New Zealand. New Zealand J,
Sci. and Tech., Sect. B, 36:429-463.
Robinette, W. L. 1956. Productivity —  the annual crop of mule deer.
pp. 415-430. In Taylor, W. P. (ed.). The deer of North America. 
The Stackpole Co., Harrisburg, Penn., and The Wildlife Management 
Institute, Washington, D. C. 668pp.
______, and J. S. Gashwiler., 1950. Breeding season, productivity, and
fawning period of the mule deer in Utah. J. Wildl. Mgmt. 14: 
457-469.
______, and W. Jensen. 1950. A simplified method for determining the
age of mule deer. Utah Dept, Fish and Game Info,. Bull. No. 1.
5pp.
______, and 0. Olsen, 1944- Studies of the productivity of mule deer
in central Utah, Trans. N. Am. Wildl, Conf. 9:156-161,
 , J. S. Gashwiler, D. A, Jones, and H. S. Crane. 1955- Fertility
of mule deer in Utah, J, Wildl, Mgmt, 19:115-136.
J. Bo Low, and D. A, J ones, 1957. Differential mortality
be sex and age among mule deer. J. Wildl. Mgmt, 21:1-16,
______, D, A. Jones, G. Rogers, and J, S. Gashwiler. 1957a. Notes on
tooth development and wear for Rocky Mountain mule deer. J . Wildl, 
Mgmt. 21:134-153»
Ross, R" 0. 1934. Age and fecundity of mule deer (Odocoileus hemionus
hemionus). J. Mammal. 15:72.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-120-
Ryel, L. A„, L. D. Fay, and R, C. Van Etten, I96I. Validity of age 
determination in Michigan deer. Papers Mich. Acad, Sci., Arts 
and Letters 47*289-316.
Sears, H, S, 1955. Certain aspects of the reproductive physiology of 
the female mule deer. M.S. Thesis, Mont. State Univ., Missoula.
82pp.
______ and L. G, Browman. 1955- Quadruplets in the mule deer. Anat.
Record 122:235-340.
Severinghaus, C, W. 1949. Tooth development and wear as criteria of 
age in white-tailed deer. J. Wildl. Mgmt. 13:195-216.
______. 1951. A study of productivity and mortality of corailed deer.
U. Wildl. Mgmt. 15:73-80.
. 1955. Deer weights as an index of range condition on two wilder­
ness areas in the Adirondack Region. N. Y. Fish and Game J. 2; 
154-160.
______, and E. L. Cheatijm. 1956. Life and times of the white-tailed
deer. pp. 57-i86. ^  Taylor, ¥. P. (ed.). The deer of North
America. The Stackpole Co., Harrisburg, Penn., and The Wildlife 
Management. Institute, Washington, D, C. 668pp.
______, H. F. Maguire, R. A. Cookingham, and J. E. Tanck. 1950. Varia­
tions by age class in the antler beam diameters of white-tailed 
deer related to range conditions.. Trans. N. Am. Wildl. Conf. 
15:551-570.
Sharp, W. M. 1958. Deer ecology —  the impact of deer on natural
vegetation. Deer Mgmt, Seminar, Penn. State Univ., University 
Park, May 27, 1958. 9pp- Mimeo.
Silver, Helenette, and N. F. Coiovos. 1957. Nutritive evaluation of 
some forage rations of deer. N. H. Fish and Game Dept. Tech.
Circ. No. 1 5. 56pp.
Smith, A. D . 1950. Feeding deer on browse species during winter. J. 
Range Mgmt. 3:130-132.
1950a. Sagebrush as a winter feed for deer. J. Wildl. Mgmt. 
14:285-289.
1953' Consumption of native forage species by captive mule deer 
during summer. J . Range Mgmt, 6:30-37.
, and R. L. Hubbard. 1954. Preference ratings for winter deer 
forages from northern Utah ranges based on browsing time and 
forage consumed.. J, Range Mgmt. 7:262-255.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
—j_2 _L~
South, P. R. 1957« Food habits and range use of the mule deer in the
Scudder Creek area, Beaverhead County, Montana. M.S. Thesis,
Mont. State Coll., Bozeman. 34pp.
Stegeman, L. C. 1937. A food study of the white-tailed deer. Trans.
N. Am. Wildl. Conf. 2:433-445.
Stoddart, L. A., and D. I. Rasmussen. 1945. Deer management and range
livestock production. Utah Agr. Expt. Sta. Circ. 121. 17pp-
Sullivan, J. T., and R. J , Garber. 1947. Chemical composition of pasture 
plants with some reference to the dietary needs of grazing animals. 
Penn. Agr. Expt. Sta. Bull. 489. 6lpp.
Taber, R. D. 1953. Studies of black-tailed deer reproduction on three
chaparral cover types. Calif. Fish and Game 39=177-186.
 . 1953a. The secondary sex ratio in Odocoileus. J. Wildl. Mgmt.
17:95-97.
______. 1956. Deer nutrition and population dynamics in the North Coast
Range of California. Trans. N. Am. Wildl.. Conf. 21:159-172.
______. 1957" The relationship between seasonal nutrient plane, seasonal
physical condition, reproductive rate and life expectation in black­
tailed deer (Abstr.). Proc. Mont. Acad. Sci. 17:57.
______ . 1958. Development of the cervid antler as an index of late
winter physical condition.. Proc. Mont. Acad. Sci. 18:27-28.
______ . 1963. Criteria of sex and age. Chapter 6, pp. 119-189. In
Mosby, H. S. (ed.). Wildlife investigational techniques. Printed 
for The Wildlife Society by Edwards Brothers, Inc., Ann Arbor,
Mich. 419pp•
_, and R. F. Dasmann, 1954. A sex difference in mortality in
young Columbian black-tailed deer, J. Wildl. Mgnt. 18:309-315.
______, and  . 1957. The dynamics of three natural populations of
the deer Odocoileus hemionus columbianus. Ecology 38:233-246.
______, and ______ . 19580 The black-tailed deer of the chaparral/its
life history and management in the North Coast Range of California. 
Calif. Dept. Fish and Game, Game Bull. No. 8. l63pp.
, and M. T. Rognrud. 1959. On the use of antler development and 
kill-structure in the management of migratory big game. School of 
Forestry, Mont. State Univ., Missoula. 7pp. Mimeo.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-122-
Taber, R. D., K. L. White, and N, S. Smith» 1959» The annual cycle of 
condition in the Rattlesnake, Montana, mule deer. Proc» Mont.
Acad. Sci. 19:72-79.
Taylor, ¥. P. (éd.). 1956» The deer of North America» The Stackpole Co.,
Harrisburg, Penn,, and The Wildlife Management Institute, Washington, 
D. C. 668pp.
White, K. L. 1958» Summer range ecology of Rattlesnake Creek mule deer 
in the spruce-fir zone. M.S. Thesis, Mont. State Univ., Missoula.
95 pp.
Wilkins, B. T. 1957. Range use, food habits, and agricultural relation­
ships of the mule deer. Bridger Mountains, Montana. J. Wildl.
Mgmt. 21:159-169.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-124-
# Date
AUTOPSY FORM 
Time Place
Circumstances of death_ 
Sex____________ Age___ Collector
Total (Live) wt. Is milk present
Nipple length and appearance_
Total length (tip of nose to base of tail over curves of spine)
Hindfoot (neck to tip of hoof in straight line)_______________
Heart (Chest) girth (just behind shoulder)____________________
Neck at base_____________
Spleen wt._______________
Neck at smallest point_
Liver wt. Flukes?
Heart w/ pericardium_ 
Thyroid (in Bouins)_
Adrenals (in Bouins)
Kidney w/ fat: Right_
w/o fat: Right_
Pituitary (in Bouins) 
Hog-dressed wt.______
Fat thickness : Rumpi/_
Cannon-bones saved: Front (2)
Fetuses: R___________  L
w/o pericardium_
Thyroid wt.____
Adrenal wt. Vol.
Left_
Left
Pituitary wt.
Carcass wt.__
Bri s ket^____
Rear (2)_____
Femur saved
Check material saved:
Stomach sample (2-qt.)____
Thyroids___________ Thymus
All cannon-bones
Reproductive tract__
(l-qt. )__________  Adrenals
Jaw Tail bone
Femur
1/ Measure rump fat in front of tail.
2/ Measure brisket fat where last rib meets brisket
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Table 28. Skeletal measurements of the Bison Range mule deer, 1963,
No. Date Sex Age
Hindfoot
length
Total
length
Weight
Live Carcass
1963 years : inches inches pounds pounds
months
2767 Jan. 17 F 1 0 :7 19 60 137 80
2768 Jan. 17 F 2 :7 19 1 /8 63 112 1/2 83
2769 Jan. 17 F 2 :7 19 5 /8 62 1/2 137 84 1/2
2770 Jan. 17 F 5 :7 18 3 /4 56 1 /2 124 82 1/2
2771 Feb. 14 F 3 : 8 18  3 /4 58 1 /2 122 1 /2 71 1 /2
2772 Feb. 14 F 2 : 8 18 3 /4 58 1/4 128 1 /2 73 1 /2
2773 Feb. 14 F 0 :8 17 1 /4 49 1/4 70 41 1/2
2774 Feb. 14 F 2:8 19 55 3 /4 118 1/2 71
2776 Mar. 21 F 1:9 19 54 1/4 116 70 1/22777 Mar. 21 M 0 :9 17 43 1 /2 61 1/2 40
2778 Mar. 22 F 4 :9 19 3/4 63 3 /4 134 77 1/2
2779 Mar. 22 F 0 :9 17 43 1 /2 60 36  1 /2
2781 Apr. 23 F 9 :1 0 19 1 /2 64 1/2 168 1/2 922782 Apr. 30 M 0 :1 1 18 1/4 49 1 /2 88 55
2783 Apr. 30 F 0 :1 1 18  1 /2 54 93 57
2784 May 14 F 2 :1 1 18 1/2 57 3 /4 158 88
2785 May 16 F 4:11 19 3/4 58 1 /2 184 1 /2 103
2786 May 18 F 2 :1 1 19 1 /4 58 3 /4 168 101
2787 July 29 M 3 :2 20  3 /8 71 1 /2 226 144
278 8 July 31 M 3 :2 20 61 232 150
2800 Sept. 4 M 2:3 19 1 /8 61 159 95 1 /2
2801 Sept. 4 F 2 :3 18 1/2 56 131 78
2802 Sept. 4 F 1:3 17 1/2 54 1/2 123 73
2803 Sept. 13 M 1:3 19 1/4 58 1 /4 152 1/2 93
2804 O c t. 17 M 1:4 19 1/4 56 1 /2 145 1 /2 91 1/2
2805 Oct. 17 M 1:4 2 0  1 /4 54 3 /4 156 1 /2 96 1 /2
2790 Nov. 4 M 4 :5 20 65 1 /2 215 —™
2791 Nov. 4 M 1 :5 18 1/8 54 1/2 145 90
2792 Nov. 19 M 2 :5 19 5/8 65 1 /4 165 122
2793 Dec. 27 M 2:7 19 7 /8 169 —--
2795 Jan. 3 M 1:7 19 1 /4 59 3 /4 -- 75
2796 Jan. 3 M 1:7 19 1 /2 62 3 /4 85
2797 Jan. 3 M 2 :7 20 63 1 /4 102
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Table 28c Continued.
No.
Cannon-bone length Jaw lengthi/
R » rear Lc rear R . front L. front A B Totalmm mm mm mm mm mm mm
2767 266 263 211 210 184 190 3742768 263 263 207 207 189 187 376
2769 275 275 225 224 183 189 3722770 258 258 211 212 183 185 3682771 261 259 212 212 180 185 3652772 256 258 209 208 183 182 3652773 232 231 190 191 154 156 310
2774 259 260 205 204 178 182 360
2776 264 262 215 215 174 180 3542777 223 225 185 185 152 157 3092773 277 275 224 223 186 188 3742779 221 220 184 184 145 144 289
2781 273 271 221 220 188 192 380
2782 239 238 196 197 •mo- <■»'»
2783 237 238 198 198 mm IWOTB OVOVKH*
2784 252 253 203 203 185 188 373
2785 271 271 214 214 192 195 397
2786 272 271 219 218 183 184 367
2787 281 280 225 225 192 191 383
2 7 8 8 282 281 225 225 188 188 376
2800 264 265 215 215 178 179 357
280 1 255 253 208 208 178 175 3532802 260 259 210 210 170 171 341
2803 251 251 207 206 174 173 347
2804 264 264 217 216 171 173 344
2805 279 280 229 229 181 181 362
2790 279 279 221 221 202 202 404
2791 250 250 202 203 176 174 350
2792 266 266 211 211 186 185 371
2793 276 276 221 221 180 175 355
2795 264 263 213 212 173 171 344
2796 270 270 219 220 182 180 362
2797 270 267 217 217 185 182 367
y  See fig. 11 for measurements.
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Table 29, Corpora lutea counts and fetal recoveries from the 
Bison Range mule deer, 1963*
No.
Age 
of doe
Number of corpora lutea Number of fetuses
R . ovary L. ovary Total R . horn L. horn Total
119BRÏ/ 1-2 1 0 1
I20BRI/ 1-2 1 1 2 1 1 2
121BRi/ 10+ 1 1 2
2767 10+ 1 1 2 1 1 2
2768 2-3 1 1 2 0 1^ ,
2769 2-3 2 0 2 1 1 ^ 2g/
2770 5-6 1 1 2 1 1 2
2771 3-4 1 1 2 1 1 2
2772 2-3 1 1 2 1 1 , 2
2774 2-3 1 1 2 1 o2/ 1
2776 1 -2 1 1 2 1 1 2
2778 4-5 0 2 2 1 1 2
2781 9-10 1 1 2 1 1 2
278 4 2-3 2 0 2 1 1 2
2785 4-5 1 1 2 1 1 2
2786 2-3 0 1 1 0 1 1
Total 16 14 30 12 13 25^
1/ Collected December 19, 1962.
2/ There was no fluid in the amniotic cavity and the fetus was 
smaller than its twin.
3/ The appearance of the uterus indicated that a fetus had either 
been resorbed or aborted.
hJ This figure is higher than would be expected for the entire 
herd since only 2 yearling does are included and both of these carried 
twins. Also, all of these does were pregnant and there are occasionally 
"barren" does in a herd.
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Table 30. Fetal counts for mule deer from the annual reduction 
on the Bison Range in January 1958. Taken from the records on file at 
the Bison Range for the 1957 reduction.
Bison Range 
number 1957
Date
1958
Age of 
doe
Number of 
fetuses
Fetuses per 
doe
104 Jan. 8 2-3 2
119 Jan. 27 3 -4 2 — ™ —
125 Jan. 28 2 -3 2 wmrmm-ime
126 Jan. 28 1-2 1
127 Jan. 28 3-4 1
128 Jan. 28 3-4 2
129 Jan. 28 4-5 2
Total 7 does 12 1.71
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Table 31. Mule deer herd composition counts conducted on the Bison 
Range^ July 3 to September 4, 1963-
Date
Adult
males
Yearling
males
Adult
females
Yearling
females Fawns
Number
classified
July 3 1 0 0 0 1July 4 0 1 2!/ 2 2 7July 5 0 0 3§/ 1 3 7July 18 1 0 3!/ 1 1 6July 19 4 9 2 5 3 23July 23 2 2 1 2 2 9July 25 0 1 2 5 2 10
July 29 3 2 0 0 0 5July 31 1 0 0 0 0 1
Aug. 2 0 2 1 2 2 7
Aug. 28 0 0 1 0 2 3
Sept. 4 4 1 2 2 3 12
Total in summer 16 18 17 20 20 91
Ratios in summer 
In winter
94 106
19t (
83^
100 118 143^
population!/ 16 23 (7 9 )
Ratios in winter 70 100 — -P-F.
In fall -, 
population-/ 33 20^ 40 2 2 ^ 4 2 § / (115)
Ratios in fall 82 5 0 ^ 100 358/ 105^
1/ One doe was surprised at close range and her fawn(s) was not
seen.
£/ One doe had a visible udder but disappeared before going to her 
f awn(s).
3/ One doe had a fawn, but the other 2 were not observed long enough
to find their fawn(s). One of these 2 was in good condition and her
udder was not visible so probably had no fawn(s) . The other 1 was in poor
condition and was probably nursing a fawn(s). Her udder could not be
seen due to her position.
hJ Calculated using 14 adult females since 3 probably had fawns 
that I did not see.
'2J  I calculated that 45 percent of the herd was classified, and 
13 adult females, 3 yearling females, and 2 yearling males were removed 
from the herd in the spring.
2/ Were actually fawns (1/2 to 3/4 years old) at this time.
2/ Removed 38 adult males and 38 adult females in the fall, and 
1 adult female, 2 male fawns, and 1 female fawn were found dead during 
the winter.
§/ "Yearling" males and females were added together and moved to 
the fawn class.
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Table 32. Age distribution of mule deer removed in the annual 
reduction program on the Bison Range. Ages were determined in the 
field by Range personnel, and data were taken from the Bison Range files,
Sex - --- —
and
age 1963 1962 1961 i960 1959 1958 1957 1956 195 5 1951 1951 195? Total
MALES
0 - 1 2 2 1 2 — ™ 2 1 11 211-2 6 17 11 8 6 23 23 1 8 27 42 23 1952-3 4 5 16 5 6 2 6 1 4 17 16 23 1053—A- 2 10 5 5 4 3 16 9 6 11 9 19 99
4 -5 1 4 9 9 5 9 11 5 1 8 12 13 87
5 -6 — 1 6 2 3 3 6 3 4 4 32
6 -7 — 1 1 1 2 1 1 1 1 7 1 17
7 - 8 — 1 1 1 — 2 1 6
8-9 — 2 4 4 109-10 — — —-=* — a w 1 mm mm 1
104- —  — o — -  C . c K . a > T J  mo 2 1 3Unkn. — — 5 4 9
Total 15 33 51 33 33 40 65 17 23 66 100 104 585
FEMALES
0 - 1 3 2 2 — 1 2 1 13 241-2 2 16 7 2 4 10 4 8 5 11 12 15 96
2-3 7 5 9 6 — K 11 3 9 23 8 13 99
3-4 1 7 10 9 5 5 12 6 6 17 21 19 118
4—5 2 7 9 6 2 5 7 1 7 7 17 4 74
5-6 1 2 5 5 2 1 1 — 4 2 7 3 33
6-7 1 1 1 m m m o 1 1 3 8
7 - 8 1 1 1 2 3 8
8-9 raw — 1 1 1 3
9-10 1 M O B Œ B W — » — c n 4K F 1
10+ 1 « > « 3 1 5
Unkno — 1 10 — - — — 11
Total 18 38 43 32 24 27 37 18 33 64 71 75 480
Grand
total 33 76 94 65 57 67 102 35 56 130 171 179 1 ,0 6 5
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Table 3 3. Annual census, population estimates, and removal data 
from the Bison Range.
Tear
Population 
Spring (Feb.) 
Census Estimate
Fall
estimate
Total
number
removed
Percent
removed
Percent
increase
1964 214 I / 200
1963 134 180 250 33 1 3 ,2 3 8 .9
1962 207 225 275 76 2 7 .6 22.2
1961 225 250 325 94 2 8 .9 3 0 .0i960 202 260 325 65 2 0 .0 2 5 .0
1959 1^3 220 325 57 1 7 .5 4 7 .7
1958 189 240 300 67 2 2 .3 2 5 .0
1957 275 360 102 2 8 .3 3 0 .9
1956 250 325 35 1 0 .8 3 0 .0
1955 300 325 56 1 7 .2 8 .3
1954 350 450 1 3 0 . . 2 8 .9 2 8 .6
1953 ■■■ ■■iiji. 450 600 2 2 8 § / 3 8 .0 3 3 .3
1952 550 700 2 4 3 ^ , 3 4 .7 2 7 .3
1951 500 625 43W 6 .9 2 5 .0
1950 950 4 3 5 ^ 4 5 .8
i/ It is felt that some duplication was involved in this census 
&/ Live removal —  57, reduction —  171.
3/ Live removal 64, reduction —- 179. 
h J All removed alive.
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Table 34.
Range mule deer.
Age determination of the jaws collected from Bison
by.
Jaw
number
MSU Appearance 
jaw- and /
board replacement—^
Robinette et 
1957a
al. Months
from
Final
Molar
ratio Age^
Date
collected
birth , 
date^
(years : 
months)
_ _ _ Nov. 5 5 1:5
— — — ---- Nov. 5 5 1:5
.342 2.6 Nov. 5 5 2:5
— — « M . Nov. 5 5 1:5
— — — Nov. 6 5 1:5
.378 3.1 Nov. 6 5 3:5
.330 2.4 Nov. 8 5 2:5
.315 2.3 Nov. 8 5 2:5
— —  — Nov. 8 5 1:5
.317 2.3 Nov. 5 5 2:5
.360 2.8 Nov. 6 5 3:5
.329 2.4 Nov. 7 5 2:5
.607 8.1 Nov. 8 5 7:5
.345 2.7 Nov. 8 5 2:5
.714 9.9 Nov. 8 5 9:5
.479 4.9 Nov. 8 5 4:5
.349 2.7 Nov. 8 5 2:5
---- Nov. 8 5 1:5
.411 3.6 Nov. 14 5 3:5
.378 3.1 Nov. 14 5 2:5
- — Nov. 14 5 1:5
— " ■ ■ ■ Nov. 15 5 1:5
.400 3.4 Nov. 15 5 3:5
.429 3.9 Nov. 19 5 3:5
.373 3.0 Nov. 19 5 2:5
.333 2.5 Nov. 20 5 2:5
Crests broken Nov. 13 5 2:5
1 ■ ' Nov. 13 5 1:5
— -- — — — Nov. 14 5 1:5
Crests broken Nov. 14 5 2:5
.434 4.0 Nov. 15 5 3:5w— Nov. 15 5 1:5
.643 8.8 Dec. 6 6 8:6
.349 2.7 Dec. 12 6 2:6
I " 1 II Dec. 12 6 1:6
.333 2.5 Dec. 12 6 2:6
.559 6.8 Dec. 19 6 6.6
.919 12.8 Dec. 19 6 11:6
.788 11.2 Jan. 17 7 10:7
.357 2.8 Jan. 17 7 2:7
.304 2.1 Jan. 17 7 2:7
.507 5.6 Jan. 17 7 5:7
.395 3.3 Feb. 14 8 3:8
30BR
31BR
32BR
33BR
34BR
35BR
36BR
3SBR
40BR
49BR
52BR
56BR
59BR
60BR
61BR
62BR
64BR
65BR
66BR
67BR
68BR
72BR
73BR
75BR
76BR
78BR
81BR
85 BR
87BR
89BR
94BR
97BR
102BR
llOBR
lllBR
115BR
118BR
121BR
2767
2768
2769
2770
2771
2i 
1̂  
I j
3 
2&
I2Î
6*
2&
8i-9i
4 
2^
u
3i3
I2Î
2*
l|
2:
3 Î
1?
I
8i-9&
8Î-9Î:l
5 
3
10
4i
2Î
1&
4I
3 Î
4
I2j
4
Ij
2$
2j
7i
loi
10*
2Î
2*
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Table 34. Continued.
Age by Robinette et al. Months Final
Jaw
number
MSU Appearance 
jaw- and , 
board replacement—/
1957a 
Molar y 
ratio Age-/
Date
collected
from 
birth y 
date^/
age
(years : 
months)
2772 3 34 .373 3 .0 Feb. 14 8 2:8
2773 4 4 —  —  — Feb. 14 8 0:8
2774 2Î 3 .378 3 .1 Feb. 14 8 2:82776 l| 2 — — — Mar. 21 9 1:9
2777 5 1 Mar. 21 9 0:92778 4 44 .451 4 .6 Mar. 22 9 4:9
2779 4 1 — — ^  ^  " Mar. 22 9 0:92781 10 .661 9 .2 Apr. 23 10 9:102782 1 1 —  —  ^ Apr. 30 11 0:11
2783 1 1 — — * —  —  — Apr. 30 11 0:11
2784 3 3 .385 3 .2 May 14 11 2:11
2785 3i 44 .472 4 .8 May 16 11 4:112786 24 3 .392 3.3 May 18 11 2:11
2787 34 34 .414 3 .6 July 29 2 3:22788 3Î 34 .412 3 .6 July 31 2 3:2
2789 lOf 10 .974 13 .4 Unknown ™  — 1 12:?2800 24 24 .337 2.6 Sept. 4 3 2:32801 24 24 .342 2.6 Sept. 4 3 2:32802 14 14 — — — — — — Sept. 4 3 1:3
2803 i4 14 — — — — — Sept. 13 3 1:3
2804 i4 l| ,mm mm  — Oct. 17 4 1:4
2805 14 l| —  ^ Oct. 17 4 1:4
2790 4 44 .482 5.0 Nov. 4 5 4:5
2791 14 —  ^ — Nov. 4 5 1:5
2792 2Î 24 .330 2 .4 Nov. 19 5 2:5
2793 24 24 .352 2.8 Dec. 27 7 2:7
2795 14 14 1 1 — Jan. 3 7 1:7
2796 14 14 Jan. 3 7 1:7
2797 3 24 .378 3 .1 Jan. 3 7 2:7
-=/ Age determined by comparing javr with photographs in Robinette 
et al. (1957a). Also reproduced in Taber (I963).
^  Ratios were plotted on Fig. 22 to determine age to nearest 
one-tenth of a year.
2/ The mean birth date was calculated to be June 8 based upon 
99 pregnant does (Fig. 4).
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Table 35. Age and jaw length of mule deer taken during the 
annual reduction on the Bison Range, October-December 1962,
BR Jaw length!/ Age
number Sex A B Total Plnali/
30 M
mm
179
mm
180
mm
359
years
1&
yearstmonths 
1:531 M 178 181 359 I 1:533 M 176 177 353 1:534 M 174 178 352 1:538 M 201 201 402 3i* 2:5
49 M 184 183 367 2* 2:552 M 209 203 412 6g* 3:560 M 188 185 373 3Î* 2:562 M 206 196 402 4:5
64 M 194 197 391 2:576 M 191 187 378 2:578 M 194 192 386 2è 2:581 M 187 187 374 3 2:585 M 172 174 346 1:5
94 M 212 208 420 3:5
102 M 204 203 407 4è-- 8:6
110 M 189 188 377 r 2:6111 M 176 178 354 1:6
32 F 188 189 377 2è 2:5
35 F Broken 4-Hî- 3:5
36 F 185 188 373 2h 2:5
40 F 177 177 354 li 1:5
56 F 188 187 375 1&* 2:5
59 F 189 191 380 4i* 7:5
61 F 182 187 369 4î ^ 9:5
65 F 174 177 351 1% 1:566 F 191 190 381 3| 3:5
67 F 176 182 358 3Î* 2:5
68 F 174 173 347 ig 1:5
72 F Broken
3
1:5
73 F 189 190 379 3:5
75 F 184 187 371 3:5
87 F 176 178 354 ig 1:5
89 F 180 184 364 3A* 2:5
97 F 171 176 347 1& 1:5
115 F 181 191 372 26 2:6
118 F Broken 5+4̂ 6:6
121 F Broken 5-h ;- 11:6
1/ See Fig. 11 for method of measuring jaw.
^  Aged by Bison Range personnel in the field.
3/ Aged in the laboratory as shown in Table 34.
* Ages not same as determined in the laboratory.
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Table 36. Method of aging recovered mule deer fetuses
Fetus
number Sex
Forehead-
rump
length
Hindfoot
length
Age by 
external 
characters!/
Age by 
2/curve—'
Age by 
hindfoot 
curve!/
Final
age
mm mm days days days days
120 A 9.5 32 32 32120 B - 9.7 32 32 32
2767 A M 75 20 61 63 63 63276? B F 73 20 61 62 63 632768 A F 76 22 61 63 65 64
2769 A — 37 8 50 51 50 50
2769 B 33 7 48 49 48 482770 A M 68 21 61 61 64 62
2770 B F 72 22 61 62 65 63
Age by Age by Age by
Fetus Hindfoot external weight hindfoot Final
number Sex Weight length characters^ curve!/ curve!/ age
grams mm days days days days
2771 A M 144 49 83 83 84 84
2771 B M 128 47 83 80 83 82
2772 A M 124 46 83 79 82 81
2772 B F 122 45 83 79 82 81
2774 A F 118 47 83 76 83 80
2776 A M 490 85 111 107 104 106
2776 B M 567 93 111 112 108 110
2 7 7 8  A F 740 105 111 119 114 116
277 8  B F 728 104 111 118 113 115
2781 A F 1726 172 144 147 146 147
2781 B F 1798 170 144 149 145 147
2784 A M 2586 206 174 167 162 165
2784  B F 2848;, 21 6 , , 174 173 168 170
2785 A M 35602/ 2 4 0 2 / 174 188 179 185
2785 B M 35402/ 2 3 5 $ / 174 187 177 182
2786 A F 3400 231 174 184 175 180
As described by Hudson (1956) and Hudson and Browman (1959) 
Also reproduced in Taber (1963)»
éJ See F ig .  19.
3/ See Fig. 20. 
y  See Fig. 21.y Converted from pounds and ounces y Converted from inches.
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Table 37, Time chart for fetuses recovered during the 1963 mule 
deer collections on the Bison Range,
Number
Fetal age 
in daysi/
Date
collected
Date of 
conception
Date of 
parturition^
119Br2/ ca 24 Dec, 19 ca Nov, 24 ca June 11120Br2/ 32 Dec. 19 Nov. 17 June 5121BR ca 24 Dec, 19 ca Nov. 24 ca June 11
2767 63 Jan . 17 Nov, 15 June 3
2768 64 Jan, 17 Nov, 14 June 2
2769 49 Jan, 17 Nov, 29 June 16
2770 63 J a n . 17 Nov, 15 June 3
2771 83 Feb, 14 Nov. 24 June 11
2772 81 Feb. 14 Nov. 26 June 13
2 7 7 4 _ , 80 Feb, 14 Nov. 27 June 14
2 7 7 6 2 / 108 Maro 21 Dec, 4 June 21
2778 115 Mar, 22 Nov, 28 June 15
2781 147 Apr, 23 Nov. 28 June 15
2784 168 May 14 Nov. 28 June 15
2785 184 May 16 Nov. l4 June 1
2786 180 May 18 Nov, 19 June 7
Mean Nov, 23 June 10
Range Nov. 14-Dec. 4 June 1 -2 1
95^ level Nov. 1 4 -2 9 June 1-16
^  average age xor uwins.
^  Using a 200-day gestation period, 
2/ Yearling doe.
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Table 38. Antler measurements of the Bison Range mule deer, 1963
Number Age
Greatest
spread
Beam
length
No. pc>intsA/
Left
Beam dia. Weight
Right Right Left Right Left
years inches inches ram mm mm mm
2787 3-4 „  2/ 21 1/2 4 3 / 130^. 111^ Growing2788 3-4 18 5/8 21 1/2 3 4 1162/ llAl/ Growing
2800 2-3 9 7/8 12 7/8 2 3 74 70 135 159
2803 1-2 10 1/8 12 1/8 2 3 83 76 138 123
2804 1-2 9 3/4 8 1/4 2 2 57 54 43 45,/2805 1-2 11 1/4 11 1/4 2 2 56 57 86 774/
2790 4-5 — 3 3 ' ■ i i r i  ■ « !  <aam
2791 1-2 11 1/4 14 2 2 84 79 169 161
2792 2-3 18 1/4 18 1/2 5 4 94 92 359 362
2793 2-3 18 16 1/4 2 3,/ 84 85 253 276. ,
2795 1-2 _ _  V 10 7/8 2 \ y 60 62 94 2 3^
2796 1-2 11 5/8 12 5/8 3 3 75 77 136 151
2797 2-3 17 16 7/8 4 4 83 89 309 336
Left antler broken off 6 inches above burr and healed as stub. 
3/ Antlers in velvet.
W  Tips of both prongs on left antler broken off.
2/ Left antler broken off 2g inches above burr after the velvet
was shed.
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Table 39 - Continued,
No. 
Date 
T vol
2784 
May 14 
51.1
2785
May 16 
59.0
2786 
May 18 
48.0
2787 
July 29 
39.3
2788 
July 31 
71.7
2800 
Sept. 4 
56.9
2801 
Sept. 4 
68.6
2802 
Sept. 4 
98.9
2803 2804 
Sept. 13 Cet. 17 
66.6 89.4
Pi poi/ « B O D E M »
Ps me — —™ 0.2 Tr
Ju sc ■au* aa==Kc_. —
Trees 0.2 Tr
Pr vi 34.7 23.6 0.1 90.9 89.0 3.4 17.1 88.2 1.8 13.7
Pe sp isai «Bxaii MB ■=^aBuoa
Ph le 13=5 4.8 2.6 13.7 0.7 76.4
Ar fr 1.7 0.5
Ma re «==»«- "M «=»«>» -o-*«««>
Sy oc 4.5 3=» 12.2 1.9 5.4 0.2
M  al 2 = 5 —
Sa gl
Ac gl 3.1
Ro sp '=“‘— •“ 0.7 0.9
Ar uv
Ri ce Tr CZ»C=IE1»=» ca
Un br ses cBn—>f-o 3 = 1 4.6 0.1 10.4
Shrubs 39.2 45 8 4.7 95.7 91.6 30.0 21.5 88.7 18 = 5 90.3
Ba sa 44.5 60.5 0.4
Ci sp =*"==''=^^ 0.4 35.7
Ch vi 0.1 0.7 0.7
He ov " • « = * “ 8.5 4.2 0.7
Ac la ” ™-“ “ 7.3 1.1 1.7
Mi fo 10.6 16.1 14.0 4.6 18.7 13.7 5.8 32 .0 7.3
Forbs 551 24.6 78.7 5.3 19.5 56.8 7.6 32.0 9.7
Grass 5.7 29.7 16.7 3.1 50.5 21.5 3.7 40.8
Î4isc 4.1 Tr 8.7^
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Table 39- Footnotes.
The following abbreviations are used in this table;
Collection number
Total volume of sample in cubic centimeters 
Pinus ponderosa 
Pseudotsuga mensiesi 
Juniperus scopulorum 
Prunus virgin!ana 
Penstemon sp.
Philadelphus lewisii 
Artemisia frigida 
Mahonia repens 
Symphoricarpos occidentalis 
Amelanchier alnifolia 
Sambucus glauca 
Acer glabrum 
Rosa sp,
Arct ost aphylos uva-ursl 
Ribes ceream 
Unidentified browse 
Balsamorhiza sagittata 
Circium sp.
Chrysopsis villosa 
Heuchera ovalifolia 
Achillea lanulosa 
Miscellaneous forbs 
Miscellaneous items 
2/ All figures are percentage by volume,
2/ Tr is an abbreviation for trace and signifies less than 0.1 
percent of the total volume.
hJ Mostly Ranunculus sp, (39.3 percent for No. 2778 and 35*0 
percent for No. 2779)»
2/ Entirely Equisetum sp.
No.
T vol
Pi po
Ps me
Ju sc
Pr vi
Pe sp
Ph le
Ar fr
Ma re
Sy oc
Am al
Sa glAc glRo sp
Ar uv
Ri ce
Un br
Ba S3-
Ci sp
Ch vi
He ov
Ac la
Mi fo
Mise
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Fig. 19- Curve used to determine age of fetuses based upon 
forehead-rump length (after Hudson 1956;13).
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